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S e c t i o n 1 
SUMMARY 

Tre a t i n g wood w i t h p r e s e r v a t i v e s i s a c e n t u r i e s - o l d p r a c t i c e 
that has made wood an e s s e n t i a l b u i l d i n g product by g r e a t l y 
i n c r e a s i n g i t s u s e f u l l i f e and extending the nation's timber 
resources. Recently a 6-year i n v e s t i g a t i o n by EPA, USDA, 
and a number of land-grant u n i v e r s i t i e s concluded that there 
i s no c o s t - e f f e c t i v e a l t e r n a t i v e to wood-treating preserva
t i v e s , and t h a t the b e n e f i t s d e r i v e d from t h e i r use exceed 
any r i s k s . 

In J u l y 1984, the EPA issued t h e i r f i n a l p o s i t i o n paper on 
the r e g i s t r a t i o n of wood p r e s e r v a t i v e s t h a t concluded the 
b e n e f i t s f o r commercial use of these wood p r e s e r v a t i v e s are 
s u b s t a n t i a l and tha t t h e i r continued commercial use i s not 
l i k e l y to r e s u l t i n any s i g n i f i c a n t exposure to humans or 
the environment. The EPA p r e s c r i b e d a number of low-cost 
precautions (e.g., wearing gloves or other common p r o t e c t i v e 
c l o t h i n g ) f o r s p e c i f i c commercial wood-preserving operations 
as c o n d i t i o n s accompanying continued r e g i s t r a t i o n . The EPA 
considers these precautions and other common safety proce
dures to be s u f f i c i e n t p r o t e c t i o n f o r workers who are exposed 
to the p r e s e r v a t i v e s on a d a i l y b a s i s . Several groups have 
i n d i c a t e d t h a t EPA's methodology was too conservative c l a i m 
i n g t h a t even these r e s t r i c t i o n s on use are unnecessarily 
s t r i n g e n t . I t i n t u i t i v e l y f o l l o w s that o f f s i t e h e a l t h r i s k s 
surrounding a commercial f a c i l i t y would be g r e a t l y reduced 
from those o n s i t e . 

McCormick & Baxter Creosoting Co. (M&B) i s a family-owned • 
company tha t was founded i n the e a r l y 1940's to meet the 
need f o r t r e a t e d wood products during World War I I . The 
production of t r e a t e d wood products i s the company's only 
business. M&B-treated wood products include dimensional 
lumber, plywood, u t i l i t y p o l e s , p i l i n g , timbers, r a i l r o a d 
t i e s , crossarms, glue laminated m a t e r i a l s , and all-weather 
wood foundations. The P o r t l a n d p l a n t now employs 7 0 to 90 
people and t r e a t s approximately 20 m i l l i o n board feet of 
lumber and 12 m i l l i o n board feet of round stock per year. 

In August 1983, McCormick & Baxter v o l u n t a r i l y i n i t i a t e d a 
p r e l i m i n a r y s i t e i n v e s t i g a t i o n because the company was con
cerned about the p o t e n t i a l f o r o f f s i t e environmental impacts 
r e s u l t i n g from the p l a n t ' s past operations. This i n t e r i m 
report presents the f i n d i n g s of the i n v e s t i g a t i v e work com
p l e t e d to date and describes f u r t h e r a c t i o n s to be taken. 
The p r e l i m i n a r y f i n d i n g s i n d i c a t e no short-term imminent 
r i s k s to p u b l i c h e a l t h or the environment from the areas of 
s i t e contamination addressed i n t h i s r e p o r t . Therefore, no 
emergency a c t i o n i s needed. 
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The purpose of the c o n t i n u i n g i n v e s t i g a t i o n i s to evaluate 
the p o s s i b i l i t y of long-term environmental or h e a l t h r i s k s 
from these sources and to f u r t h e r define and q u a n t i f y the 
long-term p o t e n t i a l f o r o f f s i t e m i g r a t i o n . Worker h e a l t h 
and s a f e t y are not addressed because extensive EPA research 
on worker s a f e t y has shown no r i s k to the h e a l t h of o n s i t e 
personnel i f proper precautions are f o l l o w e d , as they are at 
the M&B p l a n t . 

PLANT SITE AND OPERATIONS 

The McCormick & Baxter p l a n t i s l o c a t e d on a dredged sand 
f i l l on the east bank of the Willamette R i v e r at r i v e r mile 7. 
The 58-acre s i t e i s l o c a t e d i n a heavy i n d u s t r i a l area bor
dered on the northwest by the B u r l i n g t o n Northern R a i l r o a d , 
on the northeast by the Union P a c i f i c R a i l r o a d and a 100-foot 
b l u f f , on the southeast by R i e d e l I n t e r n a t i o n a l , and on the 
southwest by the Willamette R i v e r . 

M&B's t r e a t e d wood products p l a n t i n c l u d e s untreated l o g and 
pole storage; p e e l e r (log debarker); untreated wood d r y i n g 
f a c i l i t i e s (dry k i l n and pole d r y e r s ) ; t r e a t i n g c y l i n d e r s 
( r e t o r t s ) ; t r e a t e d product storage and s h i p p i n g ; f u e l and 
wood p r e s e r v a t i v e storage; b o i l e r room; o f f i c e ; l a b o r a t o r y ; 
and wood p r e s e r v a t i v e recovery and wastewater treatment u n i t s , 
M&B uses three types of pressure processes i n the a p p l i c a 
t i o n of wood p r e s e r v a t i v e s . These are: 1) creosote, creo
sote mixed w i t h o i l , and pentachlorophenol i n o i l treatment; 
2) chemonite ammonical copper arsenate (ACA) waterborne 
treatment; and 3) C e l l o n (penta i n l i q u i f i e d petroleum gas). 

Since the mid-1960s, the p l a n t has been r e g u l a t e d by s t a t e 
and l o c a l agencies. The company i s committed to operating 
i n an environmentally r e s p o n s i b l e manner and i n compliance 
wi t h environmental r e g u l a t i o n s . In i t s 40 years of opera
t i o n , the M&B p l a n t has been i n compliance w i t h environmental 
r e g u l a t i o n s and i n some areas has been a leader i n the i n 
dustry. Waste management at the p l a n t has changed n o t i c e a b l y 
as a r e s u l t of t e c h n o l o g i c a l developments and changing fed
e r a l , s t a t e , and l o c a l environmental r e g u l a t i o n s . A b r i e f 
c h r o n o l o g i c a l summary of M&B waste management p r a c t i c e s , 
process improvements, and environmental i n s p e c t i o n program 
i s shown i n S e c t i o n 3. Under standard o p e r a t i n g procedures, 
the amount of process wastes now being r e l e a s e d i n t o the 
environment i s extremely low. 

PRELIMINARY INVESTIGATION 

Since August 1983, M&B has d r i l l e d 17 borings/monitoring 
w e l l s o n s i t e to sample s i t e s o i l and groundwater. I n i t i a l 
groundwater, s u r f a c e , and s o i l sample analyses along w i t h 
i n f o r m a t i o n regarding past and present p l a n t a c t i v i t i e s pro
vide s u f f i c i e n t i n f o r m a t i o n to form a p r e l i m i n a r y 
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c h a r a c t e r i z a t i o n of the s i t e . S o i l and water samples have 
been analyzed f o r o i l and grease, PCP, PAH's, TOC, copper, 
chromium, and a r s e n i c . The i n i t i a l sample analyses suggest 
t h a t , f o r most of the s i t e , wood p r e s e r v a t i v e s i n the ground
water and subsurface s o i l s are p r i m a r i l y the r e s u l t of past 
o p e r a t i n g p r a c t i c e s . 

The four p o t e n t i a l l y s i g n i f i c a n t sources of o f f s i t e r e l e a s e s 
of wood p r e s e r v a t i v e s are as f o l l o w s : 

o Former C e l l o n Wash Area 
o Tank Farm 
o Former Waste D i s p o s a l Area 
o S i t e Surface and Stormwater O u t f a l l 

The DEQ has been concerned w i t h the p o t e n t i a l o f f s i t e migra
t i o n of wood p r e s e r v a t i v e c o n s t i t u e n t s and t h e i r impact on 
the Willamette R i v e r . Three p e r i o d i c samplings of the 
Willamette R i v e r , which in c l u d e d r i v e r water and sediments 
near McCormick & Baxter, have been conducted by the DEQ. 
A n a l y s i s revealed t r a c e l e v e l s of some polyaromatic hydro
carbons (PAHs) i n the sediments. PAHs, PCP, and other pre
s e r v a t i v e s were not detected i n any of the water samples;. 

FUTURE WORK 

McCormick & Baxter i s proceeding w i t h a program to continue 
to reduce the p o t e n t i a l o f f s i t e r e l e a s e s of wood preserva
t i v e s through improved p o i n t source c o n t r o l . This program 
i n c l u d e s continued e f f o r t s to i s o l a t e the wood p r e s e r v a t i o n 
operations from other p l a n t operations; and an i n t e n s i f i e d 
i n s p e c t i o n and maintenance program. 

In a d d i t i o n to s i t e improvements, McCormick & Baxter w i l l 
continue to c o l l e c t i n f o r m a t i o n on the presence of wood 'pre
s e r v a t i v e c o n s t i t u e n t s i n the s i t e s o i l s , surface waters, 
and groundwater to f u r t h e r c h a r a c t e r i z e the s i t e . The char
a c t e r i z a t i o n i s r e q u i r e d to more ac c u r a t e l y define the long-
term p o t e n t i a l f o r o f f s i t e exposure of wood p r e s e r v a t i v e s 
from the s i t e . With the a d d i t i o n a l information needed to 
more f u l l y c h a r a c t e r i z e the s i t e , a remedial i n v e s t i g a t i o n 
(RI) and f e a s i b i l i t y study (FS) w i l l be prepared. The RI/FS 
w i l l i n c l u d e a p u b l i c h e a l t h e v a l u a t i o n and environmental 
a n a l y s i s , s i m i l a r to those already done f o r wood preserva
t i v e chemicals, to determine i f any long-term r i s k s e x i s t 
which exceed h e a l t h or environmental c r i t e r i a . I f so, i t 
w i l l i d e n t i f y the lowest cost a l t e r n a t i v e that i s techno
l o g i c a l l y f e a s i b l e i n meeting the long-term c r i t e r i a . 

The RI/FS process w i l l a l s o consider the data shown i n Appen
d i x D, i . e . , t h a t wood p r e s e r v a t i v e s tend to bind t i g h t l y to 
s o i l and t h a t at lower concentrations i n s o i l and i n water, 
and under s u i t a b l e environmental c o n d i t i o n s , these organic 
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chemicals have been shown to be re a d i l y biodegradable by 
organisms already e x i s t i n g i n the environment. Well over 
99-percent biodegradation has been achieved by both aerobic 
and anaerobic processes. This biodegradation e f f i c i e n c y i n 
water i s even higher than that normally achieved with the 
usual constituents found i n domestic sewage. Trace residuals 
of wood preservative chemicals have also been shown to photo-
degrade and to be rapidly excreted i n both f i s h and i n mammals, 
and not to bioaccumulate i n the environment. 

CVR9/045 
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Section 2 
INTRODUCTION 

Tr e a t i n g wood t o extend i t s u s a b i l i t y i s a c e n t u r i e s - o l d 
p r a c t i c e d a t i n g back to B i b l i c a l times. T r a d i t i o n a l l y , c o a l 
and wood t a r products were used as p r e s e r v a t i v e s . The com
m e r c i a l use of creosote and c o a l t a r as wood p r e s e r v a t i v e s 
began i n 1838 i n England w i t h the development of a p r a c t i c a l 
p r e s s u r e - t r e a t i n g process. 

Without treatment, few wood products would be i n common con
s t r u c t i o n use. T r e a t i n g wood w i t h p r e s e r v a t i v e s p r o t e c t s 
wood against a t t a c k by f u n g i , i n s e c t s , b a c t e r i a , and marine 
bor e r s , and thus increases the u s e f u l l i f e of the wood prod
ucts many times over. For example, wood pressure-treated 
w i t h pentachlorophenol i n o i l can l a s t 30 years or more w i t h 
out p a i n t i n g or f u r t h e r treatment i n moist c o n d i t i o n s where 
untreated wood has an average l i f e of only about 5 years. 

P r e s e r v a t i v e treatment of wood i s a l s o a v i t a l element i n 
extending Northwest timber as a renewable resource. I t has 
been estimated t h a t more than 19 b i l l i o n board f e e t of a d d i 
t i o n a l timber would need t o be cut annually i f untreated 
wood were used i n place of t r e a t e d wood. 

WOOD PRESERVATION AND ENVIRONMENTAL CONCERNS 

The wood-preserving i n d u s t r y uses three major types of pre
s e r v a t i v e s : creosote, i n o r g a n i c a r s e n i c a l s , and pentachloro
phenol. Regulatory agencies, s t a t e u n i v e r s i t i e s , and the 
wood-treating i n d u s t r y r e c e n t l y completed a 6-year e f f o r t 
comparing the b e n e f i t s of wood p r e s e r v a t i v e s against any 
p o s s i b l e r i s k s from use. A process c a l l e d the Rebuttable 
Presumptions Against R e g i s t r a t i o n (RPAR) was e s t a b l i s h e d by 
law to i d e n t i f y p e s t i c i d e s whose use might pose r i s k s to man 
or the environment which outweigh t h e i r b e n e f i t s . 

On October 18, 1978, the EPA issued RPARs f o r a l l three wood 
p r e s e r v a t i v e s . In the RPARs, the EPA c i t e d data suggesting 
t h a t the p r e s e r v a t i v e s could pose a p o t e n t i a l f o r "unreason
able r i s k to man or the environment." By i s s u i n g the RPARs, 
the EPA s o l i c i t e d responses from'registered users and other 
i n t e r e s t e d p a r t i e s . Considerable information was then sub
mitted and d e t a i l e d c o n s i d e r a t i o n was given to the economical, 
s o c i a l , and environmental b e n e f i t s of using the p r e s e r v a t i v e s 
and the expected r i s k s to humans or the environment. 

RPAR respondents ( i n c l u d i n g the U.S. Dept. of A g r i c u l t u r e , 
the EPA, s t a t e land-grant u n i v e r s i t i e s , and the American 
Wood Preservers I n s t i t u t e ) reviewed and completed numerous 
st u d i e s regarding the r i s k s and b e n e f i t s of using these wood 
p r e s e r v a t i v e s (see Appendix A). USDA 1980 cost f i g u r e s show 
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that p r o h i b i t i n g the use of a l l three preservatives would 
cost $4.5 to $6.3 b i l l i o n annually. These 1980 studies also 
state that the exposure r i s k s i n using the preservatives 
were acceptable. 

In July 1984, the EPA issued a f i n a l p o s i t i o n paper on the 
re g i s t r a t i o n of wood preservatives that concluded the bene
f i t s for commercial use of these wood preservatives are sub
s t a n t i a l and that t h e i r continued commercial use i s not l i k e l y 
to r e s u l t i n any s i g n i f i c a n t exposure to humans or the envi
ronment. The EPA prescribed a number of low-cost precautions 
(e.g., wearing gloves or other common protective clothing) 
for s p e c i f i c commercial wood-preserving operations as condi
tions accompanying continued r e g i s t r a t i o n . These precautions 
and other common safety procedures are considered s u f f i c i e n t 
protection for workers who are exposed to the preservatives 
on a d a i l y basis. Use of the preservatives was also re
s t r i c t e d to registered users to prevent the possible r i s k to 
untrained persons. I n t e r i o r use was also r e s t r i c t e d . 

The EPA position paper established that, under proper com
mercial use, the wood preservatives do not pose an unaccept
able r i s k to workers. I t i n t u i t i v e l y follows that o f f s i t e 
health r i s k s surrounding a commercial f a c i l i t y would be 
greatly reduced from those onsite. 

THE MCCORMICK & BAXTER PLANT 

McCormick & Baxter Creosoting Co. (M&B) i s a family-owned 
company that was founded i n the early 1940's to meet the 
need for treated wood products during World War I I . The 
production of treated wood products i s the company's only 
business. M&B-treated wood products include dimensional 
lumber, plywood, u t i l i t y poles, p i l i n g , timbers, r a i l r o a d 
t i e s , crossarms, glue laminated materials, and all-weather 
wood foundations. The Portland plant now employs 70 to 90 
people and treats approximately 20 m i l l i o n board feet of 
lumber and 12 m i l l i o n board feet of round stock per year. 

Since the mid-1960s, the plant has been regulated by state 
and l o c a l agencies. The company i s committed to operating 
in an environmentally responsible manner and i n compliance 
with environmental regulations. In i t s 40 years of opera
t i o n , the M&B plant has been i n compliance with environmental 
regulations and i n some areas has been a leader i n the i n 
dustry. Waste management at the plant has changed noticeably 
as a r e s u l t of technological developments and changing fed
e r a l , state, and l o c a l environmental regulations. In the 
past, bark and wood ends were incinerated, logs and treated 
poles were stored i n the r i v e r , and treated process waste
water was discharged to the Willamette River. Today the 
plant s e l l s i t s wood residues for fuel and landscaping, 
evaporates excess process wastewater, and ships i t s wood 
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p r e s e r v a t i v e waste m a t e r i a l s o f f s i t e to approved hazardous 
waste management f a c i l i t i e s . Under standard operating pro
cedures, the amount of process wastes being released i n t o 
the environment i s extremely low. 

SITE INVESTIGATION AND ASSESSMENT 

In August 1983, McCormick & Baxter v o l u n t a r i l y i n i t i a t e d a 
p r e l i m i n a r y s i t e i n v e s t i g a t i o n because the company was con
cerned about the p o t e n t i a l f o r o f f s i t e environmental impacts 
r e s u l t i n g from the p l a n t ' s past operations. This i n i t i a l 
i n v e s t i g a t i o n i n d i c a t e d a p o t e n t i a l f o r o f f s i t e m igration of 
wood p r e s e r v a t i v e s from the area once used f o r waste d i s p o s a l . 
As a r e s u l t of t h i s i n f o r m a t i o n , McCormick & Baxter n o t i f i e d 
the Oregon Department of Environmental Q u a l i t y (DEQ), the 
p r i n c i p a l environmental agency r e g u l a t i n g the p l a n t . In 
a d d i t i o n , McCormick & Baxter h i r e d CH2M HILL, an environ
mental c o n s u l t i n g engineering f i r m , to review p r e l i m i n a r y 
f i n d i n g s and conduct a more extensive s i t e i n v e s t i g a t i o n . 
This i n c l u d e s the i n v e s t i g a t i o n of past management prac
t i c e s , c u r r e n t o p e r a t i o n s , and changes needed to maintain 
s t a t e - o f - t h e - a r t management of the p l a n t ' s waste m a t e r i a l s . 

This i n t e r i m r e p o r t presents the f i n d i n g s of the i n v e s t i g a 
t i v e work completed t o date and describes f u r t h e r a c t i o n s to 
be taken. The p r e l i m i n a r y f i n d i n g s i n d i c a t e no short-term 
imminent r i s k s to p u b l i c h e a l t h or the environment from the 
areas of s i t e contamination addressed i n t h i s r eport. There
f o r e , no emergency a c t i o n i s needed. 

The purpose of the c o n t i n u i n g i n v e s t i g a t i o n i s to evaluate 
the p o s s i b i l i t y of long-term environmental or h e a l t h r i s k s 
from these sources and to f u r t h e r define and q u a n t i f y the 
long-term p o t e n t i a l f o r o f f s i t e m i g r a t i o n . Worker h e a l t h 
and s a f e t y are not addressed because extensive EPA research 
on worker s a f e t y has shown no r i s k to the h e a l t h of o n s i t e 
personnel i f proper precautions are f o l l o w e d , as they are at 
the M&B p l a n t . 

Since they i n i t i a t e d the s i t e i n v e s t i g a t i o n , M&B has main
t a i n e d open and frequent communication w i t h the DEQ. Their 
communications have c o n s i s t e d of frequent telephone conver
s a t i o n s , meetings, and correspondence. The f o l l o w i n g i s a 
b r i e f c h r o n o l o g i c a l summary of the correspondence among M&B, 
CH2M HILL, and DEQ over the l a s t 12- months. 

December 23, 1983 M&B l e t t e r to DEQ, n o t i f y i n g DEQ i n i t i 
a t i n g p r e l i m i n a r y s i t e i n v e s t i g a t i o n . 
Requested a meeting wi t h DEQ. 

January 6, 1984 DEQ l e t t e r t o M&B summarizing 1/4/84 
meeting and agreed upon a c t i v i t i e s . 
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February 14, 1984 

March 30, 1984 

A p r i l 3, 1984 

May 8, 1984 

May 29, 198 4 

June 15, 1984 

June 28, 1984 

August 31, 1984 

October 23, 1984 

January 11, 1985 

CH2M HILL l e t t e r to DEQ r e p o r t i n g the 
st a t u s of the p r e l i m i n a r y s i t e i n v e s 
t i g a t i o n . 

DEQ news rel e a s e t h a t M&B study was be
i n g reopened. 

M&B r e p o r t to DEQ pre s e n t i n g r e s u l t s of 
recent s o i l and water sampling and pro
posed p l a n f o r a d d i t i o n a l s i t e i n v e s 
t i g a t i o n . 

DEQ l e t t e r to M&B commenting on proposed 
pl a n f o r a d d i t i o n a l s i t e i n v e s t i g a t i o n . 

M&B l e t t e r to DEQ responding to DEQ's 
l e t t e r of May 8, 1984. 

DEQ l e t t e r to M&B acknowledging M&B's 
l e t t e r of May 29, 1984, and requesting 
DEQ be kept apprised of progress i n con
d u c t i n g a d d i t i o n a l s i t e i n v e s t i g a t i o n . 

CH2M HILL l e t t e r t o DEQ r e p o r t i n g the 
st a t u s of the a d d i t i o n a l s i t e i n v e s t i g a 
t i o n . 

M&B l e t t e r to DEQ r e p o r t i n g the stat u s 
of the a d d i t i o n a l s i t e i n v e s t i g a t i o n . 

M&B l e t t e r to DEQ, r e p o r t i n g the stat u s 
of the a d d i t i o n a l s i t e i n v e s t i g a t i o n . 

M&B s u b m i t t a l r e p o r t i n g the r e s u l t s of 
a d d i t i o n a l s i t e i n v e s t i g a t i o n , and de
s c r i b i n g the proposed program f o r f u r t h e r 
i n v e s t i g a t i o n and a l t e r n a t i v e source 
c o n t r o l measures. 

CVR9/043 
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Section 3 
PLANT SITE AND OPERATIONS 

SITE DESCRIPTION 

The McCormick & Baxter P o r t l a n d p l a n t i s on a s i t e o r i g i n a l l y 
occupied by the Peninsula Lumber M i l l , a sawmill operation. 
Located on the east bank of the Willamette River at a p p r o x i 
mately RM 7, the p l a n t i s i n Township IN, Range IE, Sec
t i o n 17 of the USGS, P o r t l a n d , Oregon, map, as shown i n 
F i g u r e 3-1. The p l a n t s i t e (about 58 acres) i s bordered on 
the northwest by the B u r l i n g t o n Northern r a i l r o a d , on the 
northeast by the Union P a c i f i c r a i l r o a d and a 100-foot b l u f f , 
on the southeast by R i e d e l I n t e r n a t i o n a l , and on the south
west by the Willamette R i v e r . The M&B s i t e and a d j o i n i n g 
p r o p e r t i e s up and downstream are zoned M-l—heavy i n d u s t r i a l . 

LOCAL GEOLOGY 

The M&B p l a n t i s adjacent to the Willamette River on a man-
made t e r r a c e composed of dredged medium to coarse grained 
sand. The dredge m a t e r i a l , placed around 1912, i s probably 
l e s s than 20 f e e t t h i c k at the s i t e . I t i s u n d e r l a i n by 
a l l u v i a l sand and g r a v e l c o n t a i n i n g s c a t t e r e d lenses of f i n e r 
grained m a t e r i a l . The a l l u v i u m i s reported to reach a maxi
mum t h i c k n e s s of 125 f e e t near the Columbia-Willamette con
fl u e n c e . D r i l l e r ' s logs f o r McCormick & Baxter's process 
water w e l l s i n d i c a t e a t h i c k n e s s of about 90 f e e t at the 
s i t e . 

At approximately 100 f e e t below the su r f a c e , the g r a v e l 
becomes cemented. Cementation i s l o c a l l y c h a r a c t e r i s t i c of 
an o l d e r a l l u v i a l d eposit known as the Troutdale Formation. 
The t h i c k n e s s and h y d r a u l i c c o n t i n u i t y of the Troutdale 
Formation i n the s i t e v i c i n i t y i s poorly defined because few 
w e l l s have been d r i l l e d i n t o i t and none has penetrated 
through i t . D r i l l e r s ' logs of M&B's process water w e l l s 
i n d i c a t e t h a t the Troutdale 'Formation extends to at l e a s t 
220 f e e t below the s i t e . 

The Troutdale Formation i s probably u n d e r l a i n by the Sandy 
Riv e r mudstone. This formation c o n s i s t s of inundated c l a y 
and s i l t , probably of l a c u s t r i n e o r i g i n , and minor amounts 
of sand and g r a v e l . I t i s estimated to be s e v e r a l hundred 
fee t t h i c k beneath the McCormick & Baxter p l a n t s i t e 
(Hogenson and Foxworthy, 1965). 

Columbia Ri v e r b a s a l t probably l i e s underneath the Sandy 
Riv e r Mudstone at the s i t e . This extensive v o l c a n i c 
d e p o s i t , estimated to range up to 1,000 feet t h i c k i n the 
east P o r t l a n d area, i s of undetermined thickness beneath the 
s i t e . I t s minimum th i c k n e s s i s probably no l e s s than 
120 f e e t (Hogenson and Foxworthy, 1965). 
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FIGURE 3-1 
VICINITY MAP 
MCCORMICK & BAXTER 
C R E O S O T I N G C O M P A N Y 

P O R T L A N D , O R E G O N 
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WATER USE 

The p l a n t uses domestic water from the C i t y of Portland's 
B u l l Run Re s e r v o i r , which s u p p l i e s domestic water throughout 
the area. Records show the M&B p l a n t i s the only i n d u s t r y 
i n the area to use groundwater f o r process purposes (the 
pl a n t operates two o n s i t e w e l l s ) . Other i n d u s t r i e s i n the 
area use r i v e r water f o r t h e i r c o o l i n g or other process 
needs. 

Table 3-1 i s a l i s t of surface water and groundwater users 
from mi l e 8 of the Willamette R i v e r , approximately one-half 
mile upstream from McCormick & Baxter, to the Willamette-
Columbia confluence. These users were i d e n t i f i e d i n the 
f i l e s of the Oregon Water Resources Department. The t a b l e 
shows the f i r s t downstream i r r i g a t i o n use of water approx
imately 5 miles downstream from the s i t e . The f i r s t 
recorded downstream withdrawals of groundwater or surface 
water f o r human consumption are 26 miles downstream f o r the 
c i t i e s of Columbia C i t y and St. Helens. 

In summary, recorded uses of groundwater and surface water 
i n the v i c i n i t y of McCormick & Baxter are f o r i n d u s t r i a l and 
i r r i g a t i o n purposes. The c l o s e s t recorded downstream users 
of e i t h e r surface water or groundwater f o r human consumption 
are c i t i e s l o c a t e d on the Columbia River more than 25 miles 
downstream from the s i t e . 

GROUNDWATER 

Unconfined groundwater occurs i n the unconsolidated a l l u v i u m , 
the p a r t i a l l y indurated Troutdale Formation, and i n the 
unde r l y i n g Columbia River b a s a l t s . Confined groundwater i s • 
a l s o reported i n the Columbia Ri v e r b a s a l t s , but i t s presence 
beneath the s i t e i s unknown. 

Because of i t s g e n e r a l l y f i r e - g r a i n e d nature, the Sandy River 
mudstone i s not considered a productive a q u i f e r . However, 
w e l l s completed i n i s o l a t e d sandy or g r a v e l l y zones may 
y i e l d appreciable amounts of groundwater (Hogenson and 
Foxworthy, 1965). 

Groundwater i n the area i s recharged by i n f i l t r a t i o n of pre
c i p i t a t i o n and discharges p r i n c i p a l l y by seepage to streams. 
The Willamette R i v e r channel i s the primary groundwater d i s 
charge area i n the s i t e v i c i n i t y . 

Groundwater at the s i t e flows southwest toward the Willamette 
R i v e r . The h o r i z o n t a l h y d r a u l i c gradient i s st r o n g l y i n f l u 
enced by r i v e r stage. During periods of high r i v e r stage, 
the gradient across the s i t e decreases and minor bank storage 
may occur. 
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T a b l e 3-1 
WATER USE IN McCORMICK & BAXTER VICINITY 

User Name 

Pennsylvania Salt Mfg. Co. 

Fibreboard Paper Products Co. 

McCormick & Baxter 

McCormick & Baxter 

West Coast Adhesives 

Alder Creek Lumber Co. 

Oregon Steel M i l l s 

T.J. Gleie (Stanley G. Hoare) 

P a c i f i c Coal Corp. 

SW/NW 

NW/SW 

SW/SW 

SW/SW 

NE/NE 

SW/SW 

SE/NE 

SW/NE 

NE/SW 

Location 
hh Section Tier/Range 

18 

18 

7 

7 

2 

27 

27 

27 

23 

IN/IE 

IN/IE 

IN/IE 

IN/IE 

IN/IW 

2N/1W 

2N/1W. 

2N/1W 

2N/1W 

River Distance 
Mile From M&B 

W8 

W7.5 

W7.5 

W7.5 

W4 

W3.5 

W2.5 

W2.5 

Wl,5 

0,5 Up 

0 

0 

0 

3.5 Down 

4 Down 

5 Down 

5 Down 

6 Down 

Water 
Source Use 

Willamette 

Willamette 

Ground 

Ground 

Willamette 

Multnomah 
Channel 

Willamette 

Willamette 

Willamette 

Industrial 

Industrial 

Industrial 

Industrial 

Industrial 

F i r e 

Fighting 

Industrial 

I r r i g a t i o n 
Dust 
Control 

Amount 

No Record 

60 gpm 

750 gpm 

2.0 cfs 

1.12 cfs 

0.5 cfs 

33 cfs 

0.01 cfs 

2.67 cfs 

Miles upstream or downstream from the s i t e . 
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PLANT AND PROCESS DESCRIPTION 

M&B's t r e a t e d wood products p l a n t includes untreated l o g and 
pole storage; peeler (log debarker); untreated wood dr y i n g 
f a c i l i t i e s (dry k i l n and pole d r y e r s ) ; t r e a t i n g c y l i n d e r s 
( r e t o r t s ) ; t r e a t e d product storage and shipping; f u e l and 
wood p r e s e r v a t i v e storage; b o i l e r room; o f f i c e ; l a b o r a t o r y ; 
and wood p r e s e r v a t i v e recovery and wastewater treatment u n i t s . 
The l o c a t i o n and i d e n t i f i c a t i o n of the major f a c i l i t i e s at 
the treatment p l a n t are shown i n Figure 3-2. 

The P o r t l a n d p l a n t o r i g i n a l l y s t a r t e d operation i n the f a l l 
of 1945 w i t h one r e t o r t (8' diameter x 144' long) t r e a t i n g 
timbers and poles w i t h creosote and a mixture of creosote 
and petroleum. The creosote i s a blend of s e v e r a l of the 
f r a c t i o n s produced during the d i s t i l l a t i o n of c o a l t a r . 
Creosote-treated wood products i n c l u d e p o l e s , p i l i n g , con
s t r u c t i o n m a t e r i a l , and m a t e r i a l s intended f o r marine expo
sure. The creosote i s a l s o mixed i n v a r y i n g proportions 
w i t h petroleum ( i . e . , 50:50 and 30:70) to t r e a t r a i l r o a d 
c r o s s t i e s , s w i t c h t i e s , and other c o n s t r u c t i o n timbers. 

In 1951 a second r e t o r t was added. In 1953, the p l a n t began 
using the wood p r e s e r v a t i v e pentachlorophenol f o r t r e a t i n g -
p o l e s , crossarms, and timbers. The pentachlorophenol i s 
mixed w i t h medium weight aromatic o i l to form a t r e a t i n g 
s o l u t i o n of about 5.5 percent, by weight, pentachlorophenol 
and 94.5 percent medium weight aromatic o i l . This t r e a t i n g 
s o l u t i o n i s commonly r e f e r r e d to as "penta i n o i l . " 

In 1954 a t h i r d r e t o r t (8' diameter x 92' i n length) was 
added f o r t r e a t i n g wood products with waterborne preserva
t i v e s . Waterborne p r e s e r v a t i v e s d i f f e r from creosote and 
penta i n t h a t they use water as a c a r r i e r as opposed to o i l . 
Waterborne p r e s e r v a t i v e s o l u t i o n s c o n t a i n i n g chrome were 
used up to 1970, at which time chrome was discontinued. 

Since 1970 ammoniacal copper arsenate (ACA), a waterborne 
p r e s e r v a t i v e , has been used. ACA, a l s o r e f e r r e d to as 
chemonite, i s an ammoniacal s o l u t i o n of copper and a r s e n i c 
which forms an i n s o l u b l e p r e c i p i t a t e of copper arsenate i n 
the wood on evaporation of aqua ammonia. 

In 1968, the C e l l o n (penta i n l i q u i f i e d petroleum gas) wood 
t r e a t i n g system w i t h a f o u r t h r e t o r t (8-foot-diameter by 
144-foot length) was i n s t a l l e d . C e l l o n i s a wood preserva
t i v e s o l u t i o n of pentachlorophenol, l i q u i d butane, and i s o -
p r o p y l ether. The l i q u i d butane c a r r i e s the p r e s e r v a t i v e 
i n t o , the wood and along w i t h the i s o p r o p y l ether are solvents 
t h a t d i s s o l v e the pentachlorophenol. 
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M&B uses three types of pressure processes i n the a p p l i c a 
t i o n of wood p r e s e r v a t i v e s to the wood. The type of t r e a t 
ment depends on the p r e s e r v a t i v e to be used. 

Creosote, creosote mixed w i t h o i l , and pentachlorophenol i n 
o i l treatment i n i t i a l l y r e q u i r e s the wood to be seasoned. 
This seasoning step i s commonly c a l l e d B o u l t o n i z i n g . The 
wood i s placed i n the r e t o r t which i s then ^ f i l l e d w i t h the 
o i l - b o r n e p r e s e r v a t i v e and heated. A vacuum i s a p p l i e d which 
lowers the b o i l i n g p o i n t s of the water i n the wood, causing 
i t t o v a p o r i z e . The vapors are removed from the r e t o r t v i a 
a vacuum pump and condensed. The condensate i s pumped t o 
the o i l / w a t e r separator t o recover the o i l - b a s e d preserva
t i v e f o llowed by wastewater treatment. 

Once seasoned, the wood i s e i t h e r p r e s s u r e - t r e a t e d by the 
f u l l - c e l l process or the empty-cell process. The f u l l - c e l l 
process leaves the wood c e l l s f u l l of p r e s e r v a t i v e w h i l e the 
empty-cell process coats the wood c e l l w i t h p r e s e r v a t i v e . 
In the f u l l - c e l l process, the r e t o r t i s f i l l e d w i t h p r e s e r 
v a t i v e and pressure and heat are a p p l i e d so the p r e s e r v a t i v e 
penetrates the wood. In the empty-cell process, the r e t o r t 
i s p r e s s u r i z e d w i t h a i r before the addition' of the preser
v a t i v e and heat. This pressure i s maintained wh i l e the 
p r e s e r v a t i v e i s added. An e q u a l i z i n g tank i s used to stor e 
the p r e s e r v a t i v e f o r t h i s process and the a i r i n the r e t o r t 
i s interchanged w i t h the p r e s e r v a t i v e i n the storage tank. 

At the end of the p r e s s u r e - t r e a t i n g period,; the pressure i s 
rel e a s e d and the p r e s e r v a t i v e i s pumped back t o the storage 
tank. As the pressure i s r e l e a s e d , the a i r trapped i n the 
wood c e l l s expands and f o r c e s the excess p r e s e r v a t i v e out of 
the wood. Fo l l o w i n g the a p p l i c a t i o n of the p r e s e r v a t i v e , 
the wood remains i n the r e t o r t and i s subjected to a cleanup 
c y c l e (expansion bath, intermediate vacuum, steaming, and 
f i n a l vacuum) to remove f r e e o i l from w i t h i n the t r e a t e d 
wood and excess p r e s e r v a t i v e from the surface of the t r e a t e d 
wood. The excess p r e s e r v a t i v e removed from- the t r e a t e d wood 
i s condensed and then pumped to the o i l / w a t e r separators and 
wastewater treatment system. 

Chemonite ammoniacal copper arsenate (ACA) ^waterborne t r e a t 
ment i n i t i a l l y i n v o l v e s steam c o n d i t i o n i n g 'the wood i n s i d e 
the r e t o r t p r i o r to ap p l y i n g ACA. Steam c o n d i t i o n i n g removes 
the excess moisture from the wood and softens the wood so as 
to make the wood more penetrable to the p r e s e r v a t i v e . A f t e r 
the steaming c y c l e , a vacuum i s a p p l i e d , the moisture i s 
condensed, and the water i s pumped to the storage tanks. 

A f t e r the wood i s seasoned, the r e t o r t i s f i l l e d w i t h ACA 
and pressure and heat are a p p l i e d so the p r e s e r v a t i v e pene
t r a t e s the wood. At the end of the p r e s s u r e - t r e a t i n g p e r i o d , 
the pressure i s relea s e d and the p r e s e r v a t i v e i s pumped back 
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FIGURE 3-2 
SITE PLAN 
McCORMICK & BAXTER 
CREOSOTING COMPANY 
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t o the storage tank. F o l l o w i n g the removal of the preserva
t i v e , the wood remains i n the r e t o r t and i s subjected to a 
cleanup c y c l e (vacuum and steaming) to remove excess preser
v a t i v e from w i t h i n and on the surface of the t r e a t e d wood. 
The number of these steps depends on the a p p l i c a t i o n of the 
t r e a t e d wood product. 

C e l l o n (penta i n l i q u i f i e d petroleum gas) treatment i n i t i a l l y 
i n v o l v e s p l a c i n g the wood i n the r e t o r t and purging the r e t o r t 
w i t h an i n e r t gas. A f t e r purging, the r e t o r t i s f i l l e d w ith 
the C e l l o n s o l u t i o n and heat and pressure are a p p l i e d so the 
pr e s e r v a t i v e w i l l penetrate the wood. Following the pressure-
t r e a t i n g p e r i o d , the vapors i n s i d e the r e t o r t are recovered 
and pumped t o the p r e s e r v a t i v e work tank. A f t e r the preser
v a t i v e has been removed, a vacuum i s a p p l i e d to remove excess 
p r e s e r v a t i v e from w i t h i n and on the surface of the wood. In 
a d d i t i o n , the t r e a t e d wood undergoes a f i n a l cleanup c y c l e 
where the wood i s immersed i n an o i l bath i n s i d e the r e t o r t 
t o remove penta c r y s t a l s on the surface of the wood. A f t e r 
immersion, the o i l i s recovered and pumped to the storage 
tanks, then a f i n a l vacuum i s a p p l i e d to remove excess o i l . 

WASTE MANAGEMENT 

Waste generated at the p l a n t by the pr e s s u r i z e d treatment of 
wood products w i t h p r e s e r v a t i v e s c o n s i s t s of steam 
condensate, water and o i l c o n t a i n i n g p r e s e r v a t i v e s , and 
residues r e s u l t i n g from the cleanout of the r e t o r t s , o i l 
recovery system, storage tanks and wastewater treatment 
systems. The residues are p r i m a r i l y wood f i b e r , d i r t , and 
g r i t coated with o i l - c o n t a i n i n g p r e s e r v a t i v e s . 

M&B has stayed c u r r e n t w i t h t e c h n o l o g i c a l developments i n 
the i n d u s t r y and has been s e n s i t i v e to the environmental 
issues concerning i n d u s t r i a l waste management. As a r e s u l t , 
M&B waste management p r a c t i c e s have been i n l i n e w i t h the 
standards of the time and, i n some cases, they have been the 
st a t e of the a r t . A b r i e f c h r o n o l o g i c a l summary of M&B waste 
management p r a c t i c e s and process improvements i s as f o l l o w s : 

o Between 1945 and 1969, the p l a n t ' s wastewater from 
the r e t o r t s ' o i l / w a t e r separators, along w i t h the 
b o i l e r blowdown and condenser c o o l i n g water were 
d i r e c t l y discharged to the Willamette River. 

o In 1968 di s c o n t i n u e d o f f s i t e d i s p o s a l of residues 
from the r e t o r t s , o i l / w a t e r separators, and 
evaporator. 

o Between 1968 and 1971, residues from the r e t o r t s , 
o i l / w a t e r separators, and evaporator were disposed 
of i n the o l d waste d i s p o s a l area. 
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In 1969, M&B i n s t a l l e d an evaporator to dispose of 
excess process wastewater. The i n s t a l l a t i o n of 
the evaporator allowed M&B to stop d i s c h a r g i n g 
wastewater from the o i l / w a t e r separators to the 
Willamette R i v e r . Non-process wastewater (condenser 
c o o l i n g water) continues to be discharged to the 
Willamette R i v e r . This discharge i s permitted 
under M&B's N a t i o n a l P o l l u t i o n Discharge E l i m i n a 
t i o n System (NPDES) wastewater discharge permit 
o r i g i n a l l y i s s ued by DEQ i n 1969. The b o i l e r blow-
down was routed to an o n s i t e area (the o l d waste 
d i s p o s a l area) l o c a t e d at the northwest corner of 
M&B property. This water d i d not con t a i n organic 
p r e s e r v a t i v e s ; however, i t may have contained other 
chemicals ( i . e . , chromate, phosphates) that were 
used as b o i l e r water c o n d i t i o n i n g a d d i t i v e s . 

In 1970 M&B r e c e i v e d an I n d u s t r i a l Water P o l l u t i o n 
Award from the P a c i f i c Northwest P o l l u t i o n C o n t r o l 
A s s o c i a t i o n f o r the development, i n s t a l l a t i o n , and 
operat i o n of the evaporator. The evaporator rep
resented best a v a i l a b l e technology, as determined 
by the EPA. This made p o s s i b l e zero-discharge of 
process water. . 

Between 1968 and 1983, M&B washed the C e l l o n -
t r e a t e d wood w i t h a c a u s t i c s o l u t i o n t o remove 
surface penta c r y s t a l s . 

In 1969, M&B began using a lumber k i l n f o r d r y i n g 
poles. This reduced the amount of steam con
densate and wastewater from the r e t o r t s t h a t r e 
qu i r e d treatment and evaporation. 

In 1970, M&B rerouted the b o i l e r blowdown to the 
evaporator. 

In 1971, M&B increased the c a p a c i t y of the o i l / 
water separators to increase the recovery of o i l 
p r e s e r v a t i v e s , which r e s u l t e d i n l e s s residue ac
cumulating i n the evaporator. 

In 1972, M&B i n s t a l l e d a p o l e / p i l i n g dry k i l n . 
This conversion f u r t h e r reduced the amount of steam 
condensate and wastewater from the r e t o r t s that 
r e q u i r e d treatment and evaporation. 

In 1972, M&B began s t o r i n g wood p r e s e r v a t i v e 
sludges i n metal c o n t a i n e r s ; and disc o n t i n u e d the 
o n s i t e d i s p o s a l of wood p r e s e r v a t i v e r e s i d u e s . 

In 1974, M&B began using a s t a b i l i t y compound t h a t 
reduced the c a r b o n i z a t i o n of penta t r e a t i n g s o l u 
t i o n s . Use of t h i s compound s i g n i f i c a n t l y decreased 
residue accumulation and produced a cleaner t r e a t e d 
wood product. 
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o In 1978, M&B began t r a n s p o r t i n g the wood preserva
t i v e r e s i d u e s t h a t had accumulated from 1972-1978 
i n metal c o n t a i n e r s to the Chem S e c u r i t y System, 
Inc., hazardous waste management f a c i l i t y l ocated 
near A r l i n g t o n , Oregon. 

o In 1980, the Chemonite t r e a t i n g f a c i l i t i e s were 
i s o l a t e d from the o i l p r e s e r v a t i v e f a c i l i t i e s . 
Process wastewater, t h a t formerly went to the o i l / 
water separators and the evaporator, was now recy
c l e d f o r use as makeup water f o r the wood preser
v a t i v e s o l u t i o n s . Concrete and a s p h a l t i c pavement 
and containment s t r u c t u r e s were constructed around 
the f a c i l i t i e s to prevent s p i l l s on the ground. 

o In 1981, M&B b u i l t a secured hazardous waste drum 
f a c i l i t y and implemented the hazardous waste 
manifest system per EPA-DOT r e g u l a t i o n s . 

o In 1983, M&B changed the treatment c y c l e f o r the 
Chemonite process, using a higher percentage of 
ammonia i n s o l u t i o n and prolonged vacuum and steam
ing p eriods to reduce the formation of surface 
d e p o s i t s on the t r e a t e d wood. 

o In 1983, a 42,000-gallon above-ground s t e e l tank 
was designated f o r emergency storage of excess 
process wastewater from the o i l / w a t e r separators. 
As c a p a c i t y becomes a v a i l a b l e , the excess process 
wastewater i s pumped to the evaporator. 

o In 1983, M&B i n s t a l l e d a nitrogen blanketed o i l 
bath waste system f o r the C e l l o n treatment system. 
The C e l l o n t r e a t e d wood i s washed w i t h an o i l bath 
i n s i d e the r e t o r t to remove penta c r y s t a l s . This-s 
system e l i m i n a t e d the p r a c t i c e of washing the C e l l o n 
t r e a t e d wood w i t h c a u s t i c . 

o In 1983, M&B i n s t a l l e d a waste heat (from the 
b o i l e r ) pole d r y e r , which f u r t h e r reduced the 
amount of steam condensate and wastewater from the 
r e t o r t s t h a t r e q u i r e d treatment and evaporation. 

RECENT INSPECTIONS AND MAINTENANCE 

McCormick & Baxter has implemented a s i t e environmental im
provement program to f u r t h e r minimize the p o t e n t i a l o f f s i t e 
r e l e a s e s of wood p r e s e r v a t i v e s to the environment. This 
program i n c l u d e s d a i l y i n s p e c t i o n s and scheduled maintenance 
of wood p r e s e r v a t i v e process and storage equipment, weekly 
p l a n t environmental meetings; c l e a n i n g , i n t e r n a l i n s p e c t i o n 
and r e p a i r of wood p r e s e r v a t i v e storage tanks; c l e a n i n g . 
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i n s p e c t i o n , and r e p a i r of pumps, pi p e s , and v a l v e s ; concrete 
sumps and containment s t r u c t u r e s ; and general s i t e cleanup. 
These e f f o r t s , along w i t h the process and waste management 
changes p r e v i o u s l y d e s c r i b e d , are p a r t of a continuous 
program to upgrade p l a n t operations. 

S p e c i f i c items t h a t have been completed i n c l u d e : 

o The i n s i d e of tank Nos. 2 and 6 were cleaned to 
the bare metal. V i s u a l e x t e r n a l and i n t e r n a l i n 
s p e c t i o n , along w i t h u l t r a s o n i c t h i c k n e s s measure
ments, were made. The f l o o r and w a l l s were found 
to be i n good c o n d i t i o n w i t h no s i g n of l e a k s , 
c r a c k s , or holes. The weld h o l d i n g tank No. 6 
bottom to the s h e l l was p i t t e d i n s e v e r a l l o c a t i o n s 
and r e q u i r e d patch welding. The tank bottom was 
p i t t e d i n only a few places and these p i t s were 
a l s o r e p a i r e d by welding. 

o The i n s i d e of the wastewater evaporator was 
cleaned to bare metal. Above surface e x t e r n a l and 
i n t e r n a l i n s p e c t i o n s showed the evaporator f l o o r 
and w a l l s to be i n good c o n d i t i o n w i t h no signs of 
c r a c k s , h o l e s , or p i t t i n g . 

o The i n s i d e s of the o i l / w a t e r separators were 
cleaned to bare metal. The f l o o r and bottom 
p o r t i o n of the w a l l s of the o i l / w a t e r separators 
were p i t t e d but there were no signs of cracks or 
l e a k s . To extend the l i f e of the separators, 
a d d i t i o n a l 5/16-inch-thick s t e e l p l a t e was welded 
over the present f l o o r and from the f l o o r to 
14 inches up on the e x t e r i o r w a l l s . A l l i n t e r n a l 
surfaces were coated w i t h a c o a l t a r epoxy. 

o The p i p e l i n e and hose from the marine t e r m i n a l to 
the creosote storage tank has been p e r i o d i c a l l y 
h y d r o s t a t i c a l l y t e s t e d t o comply w i t h U.S. Coast 
Guard r e g u l a t i o n s . 

CVR9/04 2 
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S e c t i o n 4 
PRELIMINARY INVESTIGATION 

McCormick & Baxter i n i t i a t e d an i n v e s t i g a t i o n of t h e i r p l a n t 
s i t e i n August 1983 when they h i r e d Aqua Resources Inc. to 
assess the p o t e n t i a l f o r o f f s i t e environmental impacts 
r e s u l t i n g from r e l e a s e s of p l a n t wastes. For t h i s assessment. 
Aqua Resources constructed four boreholes/groundwater moni
t o r i n g w e l l s to i n v e s t i g a t e the subsurface s o i l and water 
c o n d i t i o n s at the p l a n t s i t e . Test data (reported i n d e t a i l 
l a t e r i n t h i s section) i n d i c a t e d some wood p r e s e r v a t i v e 
residues could be mig r a t i n g o f f s i t e . 

McCormick & Baxter then h i r e d CH2M HILL i n December 1983 to 
review these f i n d i n g s and to continue the environmental s i t e 
i n v e s t i g a t i o n . Since then, CH2M HILL's i n v e s t i g a t i o n has 
addressed past and present p l a n t p r a c t i c e s that were or are 
common i n the i n d u s t r y . The i n v e s t i g a t i o n has included the 
f o l l o w i n g items: 

o Review of M&B Po r t l a n d p l a n t ' s f i l e s and p l a n t 
s i t e photographs d e p i c t i n g the changes at the 
pl a n t and surrounding area over the l a s t 40 years. 

o Review of DEQ's f i l e s on the environmental h i s t o r y 
of M&B. 

o V i s u a l i n s p e c t i o n of the pl a n t s i t e . 

o C o l l e c t i o n and a n a l y s i s of groundwater samples 
from the four e x i s t i n g monitoring w e l l s . 

o S o i l sample c o l l e c t i o n and a n a l y s i s at various 
depths from 13 a d d i t i o n a l s o i l boring l o c a t i o n s . 

o I n s t a l l a t i o n of nine a d d i t i o n a l groundwater moni
t o r i n g w e l l s . 

o C o l l e c t i o n and a n a l y s i s of groundwater samples 
from the nine new monitoring w e l l s . 

o C o l l e c t i o n and a n a l y s i s of four surface s o i l sam
p l e s along the bank of the Willamette R i v e r . 

o C o l l e c t i o n and a n a l y s i s of process water supplied 
from o n s i t e water supply w e l l s . 

o A n a l y s i s of weekly grab samples of surface water 
run o f f from the s i t e on a monthly b a s i s . 

o Continuous measurement and recording of the flow 
of surface water runoff from the s i t e . 

4-1 



SAMPLING AND TESTING PROCEDURES AND RESULTS 

SOIL BORING 

The l o c a t i o n s of the four s o i l borings/groundwater monitoring 
w e l l s (MW-A, MW-B, MW-C, MW-D) Aqua Resources'constructed i n 
September 1983 are shown i n Figure 4-1. Monitoring Well-A 
(MW-A) i s loc a t e d at the north end of the site., b e l i e v e d to 
be upgradient and, t h e r e f o r e , r e p r e s e n t a t i v e of background 
s i t e c o n d i t i o n s . M o n i t o r i n g Well-B (MW-B) i s l o c a t e d at the 
southeast corner of the s i t e u p r i v e r and away .from any of 
the process and chemical storage areas. I t was a l s o b e l i e v e d 
to be r e p r e s e n t a t i v e of background s i t e c o n d i t i o n s . Moni
t o r i n g Well-C (MW-C) i s lo c a t e d i n the process area adjacent 
to the t i e p l a n t , and about halfway between MW-A and the 
Willamette R i v e r . I t was b e l i e v e d to be r e p r e s e n t a t i v e of 
t y p i c a l c o n d i t i o n s w i t h i n the process area. Monitoring 
Well-D (MW-D) i s l o c a t e d i n the northwest corner of the s i t e , 
b e l i e v e d to be downgradient from the o l d waste d i s p o s a l area. 

In J u l y 1984, CH2M HILL constructed seven more s o i l borings/ 
groundwater monitoring w e l l s to provide a more d e t a i l e d 
c h a r a c t e r i z a t i o n of the s i t e . These w e l l l o c a t i o n s are a l s o 
shown i n Figure 4-1. 

Monitoring Wells-E, -F, and -G (MW-E, MW-F, MW-G) are located 
i n the northwest corner of the s i t e . MW-E i s i n the former 
waste d i s p o s a l s i t e , MW-F i s between the r i v e r and the waste 
d i s p o s a l area and s l i g h t l y downstream, and MW-G i s between 
MW-D and the rive r — d o w n s t r e a m from MW-F. Wells-E, -F, and 
-G were intended to gather more informat i o n on the m i g r a t i o n 
of the wood p r e s e r v a t i v e c o n s t i t u e n t s from the former waste 
d i s p o s a l area. 

Monitoring Wells-H, - I , - J , and -K (MW-H, MW-I, MW-J, and 
MW-K); were proposed to assess the presence of wood preserva
t i v e s i n the s o i l and groundwater r e s u l t i n g from s p e c i f i c 
p l a n t operations ( i . e . , storage tanks, r e t o r t s , d i s c o n t i n u e d 
cello"n wash, and t r e a t e d pole storage) . MW-H i s located i n 
the process area adjacent to r e t o r t No. 1. MW-I i s located 
next t o the west w a l l of the tank farm. MW-J i s l o c a t e d i n 
the former C e l l o n wash area, and about halfway'^between the 
b o i l e r room and the l a b o r a t o r y . MW-K i s l o c a t e d i n the 
northeast corner of the s i t e i n the t r e a t e d pole storage 
area.: 

In October 1984, two more s o i l borings/groundwater monitoring 
w e l l s (MW-L and MW-M) were constructed along with four more 
s o i l i b o r i n g s (BH-1, BH-2, BH-3, and BH-4). These a d d i t i o n a l 
s o i l j b o r i n g s and monitoring w e l l s were constructed to f u r t h e r 
i n v e s t i g a t e the presence of wood p r e s e r v a t i v e c o n s t i t u e n t s 
associated with the tank farm. Monitoring Wells-L and -M 
(MW-L, and MW-M) were l o c a t e d next to the r i v e r . MW-M i s 
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FIGURE 4-1 
MONITORING WELL & BORING HOLE LOCATIONS 
McCORMICK & BAXTER 
CREOSOTING COMPANY 
PORTLAND, OREGON 



about 300 f e e t from the tank farm. MW-L i s about 100 feet 
downriver from MW-M. The f i r s t s o i l boring (BH-1) i s about 
halfway between BH-2 and MW-L. The second s o i l boring (BH-2) 
i s about halfway between MW-I and the waste heat dryer. The 
t h i r d s o i l b oring (BH-3) i s next to the large creosote tank 
on the side nearest MW-M, and the f o u r t h s o i l boring (BH-4) 
i s about 150 f e e t u p r i v e r from BH-3. 

SOIL BORING/MONITORING WELL CONSTRUCTION 

A l l s o i l borings were d r i l l e d by Geo-Tech E x p l o r a t i o n s of 
Beaverton, Oregon, w i t h a 3-3/4-inch (ID) hollow-stem auger. 
Samples were c o l l e c t e d w i t h a standard s p l i t spoon at about 
5-foot i n t e r v a l s . The bottom of each shallow boring was 
e s t a b l i s h e d i n the f i e l d when wood p r e s e r v a t i v e c o n s t i t u e n t 
l e v e l s were low or absent based on odor and v i s u a l appear
ance. The borings completed as monitoring w e l l s were t e r m i 
nated at depths that would all o w water samples to be c o l 
l e c t e d from s p e c i f i c saturated i n t e r v a l s . 

Borings not completed as monitoring w e l l s were sealed by 
pumping a bentonite s l u r r y through a drop pipe extending to 
the bottom of the auger. Bentonite s l u r r y was added as the 
auger was withdrawn i n 5-foot s e c t i o n s and the boreholes 
were topped o f f with bentonite a f t e r removing the bottom 
auger. 

Each borehole was logged under the d i r e c t s u p e r v i s i o n of a 
q u a l i f i e d g e o l o g i s t or hydrogeologist. The geologic log and 
c o n s t r u c t i o n d e t a i l s f o r these w e l l s are provided i n 
Appendix B. 

SOIL SAMPLING PROCEDURE 

F i e l d decontamination procedures f o r a l l sampling and d r i l l 
ing equipment were followed to minimize the p r o b a b i l i t y of 
cross contamination. D r i l l i n g equipment was steam cleaned 
between borings, and s o i l sampling equipment was decontam
inated by a detergent wash, double tapwater r i n s e , methanol 
r i n s e , toluene r i n s e , acetone r i n s e and, d i s t i l l e d water. 

S o i l samples were c o l l e c t e d i n 8-ounce, wide-mouth s o i l sam
ple j a r s w i t h t e f l o n - l i n e d l i d s . The j a r s were la b e l e d im
mediately before sampling w i t h the date, the time, and a 
fo u r - p a r t sample number that i n d i c a t e d the l o c a t i o n and depth 
of each sample. A f t e r sampling, the j a r s were temporarily 
stored i n i n s u l a t e d covered c o o l e r s and then t r a n s f e r r e d to 
a f r e e z e r f o r storage or a n a l y s i s . 

Samples destined f o r l a b o r a t o r y a n a l y s i s were shipped v i a 
overnight commercial c a r r i e r to CH2M HILL's environmental 
l a b o r a t o r y i n C o r v a l l i s , Oregon. Chain-of-custody 
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documentation i n c l u d e d custody tape on j a r s and c o o l e r s and 
chain-of-custody forms accompanying shipped samples. 

ANALYSES OF SOIL SAMPLES 

The f i e l d sample d e s c r i p t i o n provided a b a s i s f o r s e l e c t i n g 
samples to be sent to the l a b o r a t o r y f o r chemical t e s t i n g . 
A minimum of three samples were chosen f o r l a b o r a t o r y analy
s i s from each bor i n g using the f o l l o w i n g p l a n : 

o One sample from the unsaturated zone was analyzed 
to c h a r a c t e r i z e s o i l s above the water t a b l e . 

o One sample from the saturated zone was analyzed to 
c h a r a c t e r i z e s o i l s below the water t a b l e . 

o One sample, u s u a l l y from the saturated zone, to 
provide a more d e t a i l e d chemical c h a r a c t e r i z a t i o n 
of s o i l s encountered i n the b o r i n g . 

Samples s e l e c t e d f o r l a b o r a t o r y a n a l y s i s included samples i n 
which wood p r e s e r v a t i v e c o n s t i t u e n t s were most apparent 
v i s u a l l y and by odor. Other c r i t e r i a used to s e l e c t samples 
f o r l a b o r a t o r y a n a l y s i s i n c l u d e d choosing a sample adjacent 
to the water t a b l e to t e s t f o r the presence of f l o a t i n g o i l , 
and choosing a sample from near the bottom of the borehole 
to document the probable lower extent of any wood preserva
t i v e c o n s t i t u e n t s . 

To provide consistency i n the data base being developed, the 
t e s t parameters and a n a l y t i c a l techniques p r e v i o u s l y used i n 
other s i t e i n v e s t i g a t i o n programs were followed. T e s t i n g 
and a n a l y t i c a l procedures conformed to accepted EPA and DEQ 
procedures, and v i s u a l or odor c a t e g o r i z a t i o n was performed 
on a l l s o i l samples. 

LABORATORY RESULTS OF SOIL SAMPLES 

Normal n a t i v e s o i l t o t a l copper (Cu) concentrations range 
from 2 to 100 mg/kg and average 30 mg/kg, according to Bowen 
(1966). S o i l samples from borings f o r MW-A and -B, which 
should be r e p r e s e n t a t i v e of background l e v e l s f o r the s i t e , 
showed t o t a l copper concentrations range from 1.5 to 24 mg/kg, 
The only s o i l samples having concentrations greater than 
24 mg/kg were MW-E and -F ( i n the o l d waste d i s p o s a l area) 
and MW-I (tank farm). The highest concentration from these 
borings was 30.5 mg/kg, which i s s t i l l w i t h i n the normal 
range f o r na t i v e s o i l s . 

Normal n a t i v e s o i l t o t a l chromium (Cr) concentrations range 
from one to 1,000 mg/kg wit h an average conce n t r a t i o n of 
100 mg/kg, according to Bowen (1966). S o i l samples from 
borings f o r MW-A and -B showed t o t a l Cr concentrations range 
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from 1.9 to 17.9 mg/kg. S o i l samples having concentrations 
greater than 24 mg/kg were i n borings f o r MW-D, -E, and -G 
(old waste d i s p o s a l area) and MW-I (tank farm) .. The highest 
c o n c e n t r a t i o n from these borings was 36 mg/kg, which i s below 
the reported average co n c e n t r a t i o n i n nati v e s o i l s . 

Normal n a t i v e s o i l t o t a l a r s e n i c (As) concentrations range 
from one to 50 mg/kg, though i t does not g e n e r a l l y exceed 
10 mg/kg (Bowen 1966) . S o i l samples from borings f o r MW-A 
and -B showed t o t a l As concentrations l e s s than 13 mg/kg. 
S o i l samples having concentrations greater than 13 mg/kg 
were i n borings f o r MW-D and -E ( i n the o l d waste d i s p o s a l 
a r e a ) , MW-H (next to No. 1 r e t o r t ) , MW-I (tank farm), and 
MW-J ( i n the o l d C e l l o n wash area). The highest concentra
t i o n from these borings was 27.9 mg/kg, which i s s t i l l w i t h i n 
the normal range f o r na t i v e s o i l s . 

S o i l samples from borings f o r MW-A and -B showed o i l and 
grease concentrations l e s s than 1,000 mg/kg, PAH's l e s s than 
5 mg/kg, and PCP l e s s than one mg/kg, which should i n d i c a t e 
the background c o n d i t i o n s f o r the s i t e . 

S o i l samples from MW-C (process area) were equal to or l e s s 
than the background l e v e l s found i n MW-A and -B f o r o i l and 
grease and PAH's. The highest concentration of PCP 
(1.4 mg/kg) was found at a depth of approximately 5 f e e t . 

MW-D, -E, and -G (old waste d i s p o s a l area) s o i l analyses a l l 
had concentrations of one or more of these three parameters 
th a t exceeded s i t e background l e v e l s . S o i l a n a l y s i s of sam
ples from MW-F, lo c a t e d l e s s than 100 feet u p r i v e r from MW-G, 
showed concentrations of o i l and grease, PAH's and PCP equal 
to or l e s s than background l e v e l s found i n MW-A and -B. The 
highest o i l and grease concentrations found i n the s o i l s 
analyzed f o r MW-D, -E, and -G borings was 21,000 mg/kg at 
MW-E at a depth between 5 and 10 f e e t . The highest PAH 
analyzed was 250 mg/kg at MW-D at a depth around 30 f e e t . 
The highest PCP analyzed was 10,000 mg/kg, al s o at MW-D, at 
a depth around 30 f e e t . 

MW-H ( r e t o r t No. 1) s o i l s a n a l y s i s f o r PAH's and PCP were 
a l l equal to or l e s s than background l e v e l s . The highest 
011 and grease concentrations analyzed were 10,000 mg/kg at 
a maximum depth between 20 and 25 f e e t . 

Tank farm s o i l samples (MW-I, -M, and BH-1, -2 and -3) s o i l 
analyses a l l had concentrations of one or more of the three 
parameters that exceeded s i t e background l e v e l s . S o i l a n a l 
y s i s of samples from MW-L, lo c a t e d l e s s than 150 feet down
r i v e r from MW-M, showed concentrations of o i l and grease and 
PAH's l e s s than background and l e s s than one mg/kg of PCP. 
The highest o i l and grease concentration analyzed i n the 
s o i l s f o r MW-I, -M, and BH-1, -2, and -3 was at BH-1 

4-7 



(7,930 mg/kg) at a depth between 49 and 50.5 f e e t . The 
highest PAH con c e n t r a t i o n analyzed i n the s o i l was 6,722 mg/kg 
at a depth between 35 and 36.5 f e e t at BH-3. The highest 
c o n c e n t r a t i o n of PCP analyzed i n the s o i l was 136 mg/kg 
between a depth of 35 and 36.5 f e e t at MW-M. 

MW-J (former C e l l o n wash area) s o i l s a n a l y s i s f o r PAH's were 
equal to or l e s s than background l e v e l s ; however, t h i s i s 
based on only one a n a l y s i s at a depth between 30 and 35 f e e t ; 
a d d i t i o n a l a n a l y s i s at other depths should be performed to 
confirm t h i s r e s u l t . The highest o i l and grease (1,150 mg/kg) 
and PCP (1,3 30 mg/kg) concentrations found i n the s o i l sam
ples analyzed were at a depth between 5 and 10 f e e t . 

MW-K (treated pole storage) s o i l a n a l y s i s f o r o i l and grease 
and PAH's were a l l equal to or below background. A l l s o i l 
samples analyzed f o r PCP were below one mg/kg. 

Summaries of the i n d i v i d u a l l a b o r a t o r y analyses of s o i l sam
ples are provided i n Appendix C. 

GROUNDWATER MONITORING 

The groundwater monitoring network at the M&B p l a n t c o n s i s t s 
of 13 monitoring w e l l s (see Figure 4-1). The screened 
i n t e r v a l of each monitoring w e l l i s l i s t e d i n Table 4-1. 

Table 4-1 
MONITORING WELL SCREENED INTERVAL 

Screen E l e v a t i o n 
Monitoring (feet above MSL) 

11 Top Bottom 

A 13 6 
B 12 • 7 
C 15 10 
D 8 3 
E 18 -2 
F 15.5 -4.5 
G 15 -5 
H 20.5 0.5 
I 19.5 -0.5 
J 21.5 1.5 
K 22 2 
L 17 -13 
M 9.5 -20.5 
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Groundwater Levels 

Water l e v e l s i n monitoring w e l l s and i n the Willamette River 
have been measured weekly s i n c e A p r i l 1984. Water l e v e l 
measurements on s e l e c t e d dates are l i s t e d i n Table 4-2. 
Measurements i n d i c a t e that groundwater flows toward the r i v e r 
except during periods of high r i v e r stage, when the r i v e r 
loses water to bank storage. Figure 4-2 i s a groundwater 
e l e v a t i o n map i l l u s t r a t i n g the c o n f i g u r a t i o n of the water 
t a b l e at the s i t e on August 29, 1984. The gradient, or 
slope of the water t a b l e has ranged from a high of 0.008 f e e t / 
foot i n J u l y to a low of 0.003 f e e t / f o o t i n December. The 
e l e v a t i o n of the water surface i n MW-C was not included i n 
Figure 4-2 because i t was i n e x p l i c a b l y high. 

Table 4-2 
WATER LEVEL DATA FOR SELECTED DATES 

Monitoring 
Well 7/25/84 10/3/84 12/13/84 

A 15.13 13.68 12.81̂ -̂
B 8.89 7.84 10.25 
C 20.36 20.13 20 .92 
D 8.47 7.48 10. 78 
E 8.96 7.22 11.15 
F 7.10- 6.88 9.69 
G NM 7.00 10.00 
H 13.20 10.79 11.43 
I 14.06 9.98 11.18 
J 12.58-, 10.40 11.73 
K NA:: 10.24 10.66' 
L NA NA:; 9.43 
M 4.60 NA 10.48 

WR 6. 40 10.55 

"''Water l e v e l i n Willamette R i v e r . S t i l l i n g w e l l located on 
McCormick and Baxter's dock. 

S t i l l i n g w e l l 

N̂M = not measured. 

^NA = not a p p l i c a b l e — w e l l not yet i n s t a l l e d . 

H y d r a u l i c C o n d u c t i v i t y T e s t i n g 

H y d r a u l i c c o n d u c t i v i t y , or p e r m e a b i l i t y , i s a measure of the 
ease w i t h which water moves through a porous medium. In an 
e f f o r t to measure p e r m e a b i l i t i e s at the s i t e , slug-withdrawal 
t e s t s were conducted on MW-K and J . Approximately 
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0.41.-gallon was withdrawn instantaneously from each w e l l and 
the water l e v e l measured w i t h i n 35 to 55 seconds immediately 
t h e r e a f t e r . No drawdown was measured i n e i t h e r w e l l . Based 
on t h i s r e s u l t , a lower l i m i t of h y d r a u l i c c o n d u c t i v i t y was 
estimated using a method described by F e r r i s and Knowles 
(1963) . The r e s u l t a n t 2 v a l u e of h y d r a u l i c c o n d u c t i v i t y , 
80 feet/day (2.8 x 10 cm/sec), i s reasonable f o r the f i n e 
to coarse grained sands t h a t occur at the s i t e / 

I t should be cautioned t h a t s l u g t e s t s give r e l i a b l e r e s u l t s 
only f o r the a q u i f e r m a t e r i a l s immediately surrounding the 
t e s t ^ w e l l . The r e s u l t s may not n e c e s s a r i l y be.representative 
of the bulk a q u i f e r p r o p e r t i e s . 

Rate of Groundwater Movement 

The r a t e of groundwater movement at the s i t e may be estimated 
using a modified form of Darcy's Law, expressed as f o l l o w s : 

V = K l / n 

where 

V = average l i n e a r v e l o c i t y (ft/day) 

K = h y d r a u l i c c o n d u c t i v i t y (ft/day) 

I = h y d r a u l i c gradient ( f t / f t ) 

•h = e f f e c t i v e p o r o s i t y (dimensionless) 

The h y d r a u l i c gradient has been estimated as 0.008 during 
low r i v e r stage, 0.003 at high r i v e r stage. The h y d r a u l i c 
c o n d u c t i v i t y estimated by s l u g t e s t s i s 80 ft/day. An 
e f f e c t i v e p o r o s i t y of 0.10 to 0.20 i s c o n s i s t e n t with the 
sediments encountered at the s i t e . Using the given equation, 
the r a t e of groundwater movement i s estimated t o range from 
2.4 to 1.2 feet/day during high r i v e r stage, and 6.4 to 
3.2 feet/day during low r i v e r stage. 

Groundwater Q u a l i t y ..-s 

Monitoring wells A through D have been sampled^iperiodically 
since September 1983. Monitoring wells E through K have 
been sampled twice since July 1984. Monitoring wells L and 
M have been sampled once since October 1984. All sample 
results are provided in Appendix C. _ 

i 

Because groundwater flows toward'the r i v e r , MW-A and B serve 
as background monitoring w e l l s . The l e v e l s of .'copper, t o t a l 
chromium, and a r s e n i c i n MW-A and B are r e l a t i v e l y high f o r 
background, yet are probably not a r e s u l t of M&B's 
operations. Based on the s o i l analyses discussed e a r l i e r i n 
t h i s r e p o r t . 
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we b e l i e v e these are r e p r e s e n t a t i v e background l e v e l s . This 
c o n c l u s i o n i s based on the f o l l o w i n g information: 

o Both w e l l s are l o c a t e d i n areas of no known chemi
c a l storage, p r o c e s s i n g , or a p p l i c a t i o n ; storage 
of t r e a t e d poles; or d i s p o s a l of wastewater or 
waste m a t e r i a l s . 

o Neither w e l l had s i g n i f i c a n t l e v e l s of o i l and 
grease, PAH's, or pentachlorophenol, which are 
normally a s s o c i a t e d w i t h a wood-preserving p l a n t . 

o The s o i l analyses w i t h depth f o r both w e l l s showed 
f a i r l y homogeneous l e v e l s of copper, chromium, and 
a r s e n i c ; i n s i g n i f i c a n t l e v e l s of o i l and grease; 
and no detectable PAH's or pentachlorophenol. The 
u n i f o r m i t y of the concentration of the i n d i v i d u a l 
parameters with depth i s i n c o n s i s t e n t with a sur
face source. 

The d i s t r i b u t i o n of pentachlorophenol and t o t a l organic c a r 
bon i n the o n s i t e groundwater i s i l l u s t r a t e d i n Figure 4-3 
(Sheet 1). The map shows that organics, p a r t i c u l a r l y 
pentachlorophenol, are concentrated i n three areas: down-
gradient of the former waste d i s p o s a l area (MW-D, -E, -F, 
and -G); downgradient from the tank farm (MW-I, -L, and -M); 
and, to a l e s s e r extent, i n the v i c i n i t y of the former C e l l o n 
wash area (MW-J). 

Figure 4-3 (Sheet 2) shows -the d i s t r i b u t i o n of copper, t o t a l 
chromium, and t o t a l d i s s o l v e d s o l i d s i n o n s i t e groundwater. 
The d i s t r i b u t i o n ' o f heavy metals i s s i m i l a r to that of 
pentachlorophenol. Concentrations of copper and t o t a l chro
mium i n MW-A, one of the upgradient background w e l l s , suggest 
t h a t the background conce n t r a t i o n of metals i n the area may 
be r e l a t i v e l y high. The former C e l l o n wash area i s appar
e n t l y the source of the high d i s s o l v e d s o l i d s concentrations 
measured i n MW-J. At a pH of 5.5 i n September 1984, MW-J 
a l s o e x h i b i t e d the lowest pH of any monitoring w e l l . 

STORMWATER OUTFALL 

The water q u a l i t y of the stormwater o u t f a l l w i l l continue to 
be measured weekly. The flow i s being continuously monitored 
and w i l l be estimated on a d a i l y b a s i s . Grab samples are 
obtained weekly and shipped to CH2M HILL's C o r v a l l i s labo
r a t o r y f o r a n a l y s i s . Laboratory analyses f o r each include 
copper, t o t a l chromium, hexavalent chrome, a r s e n i c , o i l and 
grease, pH, TDS, pentachlorophenol, and PAH's. This 9-month 
i n v e s t i g a t i o n i s scheduled to be completed at the end of 
June 198 5. 
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OFFSITE SAMPLING 

The DEQ has been concerned w i t h the p o t e n t i a l o f f s i t e migra
t i o n of wood p r e s e r v a t i v e c o n s t i t u e n t s and t h e i r impact on 
the Willamette R i v e r . P e r i o d i c sampling of the Willamette 
R i v e r , which included gathering samples of r i v e r water and 
sediments near McCormick & Baxter, has been conducted by the 
DEQ. Samples were c o l l e c t e d i n August 1983, October 1983, 
and J u l y 1984 and were analyzed f o r PAHs, pentachlorophenol, 
and other p r e s e r v a t i v e s . Although no pentachlorophenol was 
detected i n the sediments, a n a l y s i s revealed low l e v e l s of 
some PAHs. PAHs, PCP, and other p r e s e r v a t i v e s were not 
detected i n any of the water samples. 

SITE CHARACTERIZATION 

I n i t i a l groundwater, s u r f a c e , and s o i l sample analyses along 
with .information regarding past and present p l a n t a c t i v i t i e s 
provide s u f f i c i e n t i n f o r m a t i o n to form a p r e l i m i n a r y charac
t e r i z a t i o n of the s i t e . S o i l and water samples have been 
analyzed f o r o i l and grease, PCP, PAH's, TOC, copper, 
chromium, and a r s e n i c . The i n i t i a l sample analyses suggest 
that the wood p r e s e r v a t i v e s present i n the pressure treatment 
process area and the t r e a t e d pole storage area i s confined' 
to the surface s o i l s . The p r e l i m i n a r y c h a r a c t e r i z a t i o n shows 
t h a t j f o r most of the s i t e , wood p r e s e r v a t i v e s i n the ground
water and subsurface s o i l s are p r i m a r i l y the r e s u l t of past 
operating p r a c t i c e s . 

The f o l l o w i n g b r i e f l y d e scribes the s i t e ' s ' p o t e n t i a l s i g n i f 
i c a n t sources of o f f s i t e r e l e a s e s of wood p r e s e r v a t i v e s . 
Remedial a c t i o n s f o r m i t i g a t i o n of the p o t e n t i a l long-term 
e f f e c t s of such r e l e a s e s w i l l be developed and evaluated i n 
the remedial i n v e s t i g a t i o n and f e a s i b i l i t y study described 
i n S e c t ion 5. 

;o Former C e l l o n Wash Area 

The former C e l l o n wash area occupiesVan area 
roughly 200 f e e t by 50 f e e t between the l a b o r a t o r y 
and the b o i l e r room. Monitoring W e l l - J i s cen-

•:', t r a l l y l o c a t e d i n the area and i s e a s i l y a c c e s s i b l e 
i n the open space. Samples taken from MW-J i n d i 
cate t h a t although penta was detected i n the 
groundwater, the wood p r e s e r v a t i v e s i n t h i s area 
are mainly a s s o c i a t e d w i t h the s o i l . ? Higher con
c e n t r a t i o n s appear at the s u r f a c e , and r a p i d l y 
decrease with depth.' The presence of wood preser-
v a t i v e s i n t h i s area was apparently caused s o l e l y 
by past p r a c t i c e s . This area i s now:used f o r 

. t r e a t e d wood product storage and no longer i s used 
f o r washing t r e a t e d m a t e r i a l . 
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Dale 
8- 16-84 
9- 25-84 

Date 
8- 16-84 
9- 25-84 

MW-A 
POP 

0.0009 
<aoi 

TOC 
32.0 
31.8 

Date 
8- 16-84 
9- 25-84 

MW-J 
PCP 
9.008 
1.49 

IQC 
16.2 
13.6 

Date 
8- 16-84 
9- 25-84 

MW-H 
PCP 

0.0065 
aoi 

TOC 
79.5 
27.7 

MW-C 
Date PCP TOC 

e-16-84 0.0016 24.5 
9-25-84 <0.01 21.3 

MW-I 
Date PCP TOC 

8-16-84 91.7 169 s 
9-25-84 116 47.2 I 

Date 
9-25-84 

MW-L 
PCP 
4.76 

TOC 
NA 

MW-B* 
Date PCP TOC 

B ll!Zl?l.,..,,.„ 0.0902 NA 
*MW-B was dry on 8-16-84 and 9-25-84 

MW-E 
Date PCP 

8- 16-84 0.259 
9- 25-84 2.66 

MW-D 
Date PCP 

8- 16-84 110 
9- 25-84 19.1 

TOC 
32.2 
56.4 

MW-M 
Date PCP TOC E 

f 9-25-84 6.28 NA { 

H;'. " •:: -. •--':•• • •- . - • 

Date 
8- 16-84 
9- 25-84 

MW-F 
PCP 
1.369 
1.37 

TOC 
10.8 
23.0 

Date 
8- 16-84 
9- 25-84 

PCP 

TOC 

NA 

Explanat ion 

Monitoring Well 

Pentachlorophenol 

Total Organic Carbon 

Not Analyzed 

TOC 
592 W I L L A M E T T E RIVER 

Flow 

Scale In feet 

0 50 100 200 

All concentrat ions in rng/ l 

NOTE: 
THE DATA INDICATES A B S O L U T E L E V E L S OF 
INDIVIDUAL P A R A M E T E R S AT SPECIF IC ONSITE 
LOCATIONS. E X P O S U R E C A L C U L A T I O N S A R E 
REQUIRED TO ESTIMATE POTENTIAL OFFSITE L E V E L S 

FIGURE 4-3 (Sheet 1) 
GROUNDWATER QUALITY MAP 
McCORMICK & BAXTER 
CREOSOTING COMPANY 
PORTLAND, OREGON 



I 
I 

MW-A 

Date Cu Cr I D S 

8- 16-84 a i 7 0.082 492 
9- 25-84 O04 0040 426 

MW-K 

Date Cu Cr I D S 

8- 16-84 <0.02 0.008 450 
9- 25-84 <O02 0.009 392 

MW-J 

Date Cu Cr TDS 

8- 16-84 0.04 0.012 960 
9- 25-84 <0.02 0.016 948 

MW-C 

Date Cu Cr 

8- 16-84 <0.02 0.040 
9- 25-84 0.03 0.020 

MW-H 

Date Cu Cr TDS 

8- 16-84 <0.02 0.011 548 
9- 25-84 0.02 0.020 464 

TDS 

340 
370 

Date 

9-25-84 

MW-I 

Dat; Cu Cr 
8- 16-84 014 0172 
9- 25-84 <0.02 0.032 

TDS 
614 
572 

MW-L 

Cy Cr 
0.27 0.08 

TDS 

NA 
Date 

9-25-e4 

M W - M 

Cu Cr 

0.06 <0.02 

TDS 

NA 

—^ 
M W - B * 

Date Cu Cr TDS r 
1-17-84 0.10 0.066 609 

*MW-B was dry on 8-16-84 and 9-25-84 

I 
I 
I 
I 
I 
I 

MW-E 

Date Cu Cr 

8- 16-84 0.05 0.079 
9- 25-84 042 0.450 

TDS 

506 
388 

Date 
8- 16-84 
9- 25-84 

MW-D 

Cu Cr 

042 1.93 
0.33 3.45 

MW-F 

Date Cu Cr TDS 

8- 16-84 <0.02 0.006 418 
9- 25-84 <0.02 <0.005 334 

TDS 

592 
552 

M W - G 

Date Cu Cr TDS 

8- 16-84 0.18 1.01 444 
9- 25-84 029 9.77 488 

Explanation 

• Monitoring Well 
Cu Copper 
Cr Total Chromium 

TDS Total Dissolved Solids 
NA Not analyzed 

All Concentrations in mg/l 

WILLAMETTE RIVER 
Flow 

N O T E : 
T H E D A T A I N D I C A T E S A B S O L U T E L E V E L S O F 
I N D I V I D U A L P A R A M E T E R S A T S P E C I F I C O N S I T E 
L O C A T I O N S . E X P O S U R E C A L C U L A T I O N S A R E 
R E Q U I R E D T O E S T I M A T E P O T E N T I A L O F F S I T E L E V E L S . 

Scale In feet 
I I I I 
0 50 100 200 

F I G U R E 4-3 (Sheet 2) 
GROUNDWATER QUALITY MAP 

McCORMICK & BAXTER 
CREOSOTING COMPANY 
PORTLAND, OREGON 



Tank Farm 

The tank farm occupies an area 200 feet by 300 feet 
about 100 f e e t u p r i v e r from r e t o r t Nos. 1 and 2. 
There are s i x tanks in. the farm cover designated 
fo r the storage of o i l , creosote, creosote i n o i l 
(two t a n k s ) , penta i n o i l , and process wastewater. 
In a d d i t i o n to the tanks there i s above-ground 
p i p i n g , pumps and motors. 

The tank farm area i s i s o l a t e d from the r e s t of 
the s i t e by a 4-foot-high concrete w a l l that sur
rounds the tank farm. This w a l l serves as secon
dary containment of any s p i l l s w i t h i n the tank 
farm. While the pumps and motors and containment 
w a l l are on a concrete base, the remainder of the 
tank farm i s dredged s p o i l s and aggregates. 

Monitoring W e l l - I i s j u s t outside the tank farm 
w a l l . Groundwater samples taken from MW-I showed 
high l e v e l s of penta and o i l and grease. Wood 
p r e s e r v a t i v e concentrations and migration i n the 
s o i l around the tank farm appears to be extensive. 
S o i l samples showed high o i l and grease concen
t r a t i o n s to below 40 f e e t . A d d i t i o n a l s o i l borings 
were constructed to determine the h o r i z o n t a l extent 
of wood p r e s e r v a t i v e migration from the tank farm. 
BH-1, BH-2, BH-3, and MW-M a l l showed wood preser
v a t i v e c o n s t i t u e n t s somewhere between 15 to 40 feet 
deep. 

Recent i n s p e c t i o n s of the penta i n o i l mix tank 
No. 6 and the creosote i n o i l mix tank No. 2 have 
revealed some minor c o r r o s i o n of tank i n t e r i o r s 
but have not detected any leaks. U n t i l the two 
remaining tanks and the underground p i p e l i n e from 
the main creosote storage tank to the tank farm 
are i n s p e cted, i t w i l l not be known i f the wood 
p r e s e r v a t i v e s i n the ground are the r e s u l t of 
l e a k i n g tanks c u r r e n t l y i n s e r v i c e . Past a c t i v 
i t i e s t hat could have been sources include occa
s i o n a l s p i l l s and the use of an 10,000-gallon 
underground r a i l tank car f o r creosote i n o i l 
storage. 

The h i g h l y concentrated l a y e r of surface s o i l and 
accumulated residue has been excavated and removed 
o f f s i t e to a Chem S e c u r i t y System, Inc. hazardous 
waste management f a c i l i t y located near A r l i n g t o n , 
Oregon. Plans and s p e c i f i c a t i o n s f o r placement of 
a concrete f l o o r f o r the tank farm have been pre
pared and submitted to the DEQ. 
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The underground r a i l tank car l o c a t e d at the north
west corner of the tank farm was used to store 
creosote and o i l . The empty tank has not been 
used f o r about 12 years, but s p i l l s , overflows, or 
leaks while i t was i n use may be a source of wood 
p r e s e r v a t i v e s i n the s o i l s between the tank farm 
and the Willamette R i v e r . 

Former Waste Di s p o s a l Area 

The former waste d i s p o s a l area i s located i n the 
northwest corner of the s i t e along a s l i g h t em
bankment. Waste was placed i n a shallow area which 
was about 150 feet long and 75 f e e t wide. The 
s o i l and groundwater samples taken from MW-E 
l o c a t e d i n the t h i s area shows high l e v e l s of 
penta, and o i l and grease. Wood p r e s e r v a t i v e s 
appear to be near the s u r f a c e . The most h i g h l y 
concentrated sample was c o l l e c t e d between 5 to 
10 f e e t below grade. Monitoring Wells-D and -G, 
downgradient from the area, show high l e v e l s of 
wood p r e s e r v a t i v e c o n s t i t u e n t s from 15 to 30 f e e t 
deep and high penta l e v e l s i n MW-G groundwater. 
Although MW-F samples contained some p r e s e r v a t i v e s , 
the concentrations were much lower than those from 
MW-E, -D, or -G. 

Process residues were deposited i n t h i s area f o r 
only a short time (1968-1970); no wastes have been 
placed there i n the 15 years s i n c e . The area i s 
now used to s t o r e t r e a t e d and untreated wood and 
miscellaneous metal p a r t s . The process waste r e s 
idues are removed o f f s i t e to the Chem S e c u r i t i e s 
System Inc. hazardous waste management f a c i l i t y 
near A r l i n g t o n , Oregon. 

S i t e Surface and Stormwater O u t f a l l 

Other areas on the s i t e show v a r y i n g l e v e l s of o i l 
and grease, PCP, PAH, copper, chromium, and a r s e n i c 
i n the surface s o i l s . This i s p r i m a r i l y the 
r e s u l t of past process a c t i v i t i e s and s p i l l s . 
This i s common at wood p r e s e r v i n g p l a n t s and i s 
the l i k e l y source of wood p r e s e r v a t i v e s i n the 
stormwater o u t f a l l . S i t e drainage i s c u r r e n t l y 
c o l l e c t e d i n open areas w i t h i n the process area. 
The process area covers about 150,000 square f e e t 
of the s i t e s urface. Surface s o i l s i n the process 
area show higher wood p r e s e r v a t i v e c o n s t i t u e n t 
l e v e l s than most other o n s i t e surface s o i l s . 
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PRELIMINARY EXPOSURE ASSESSMENT 

The a v a i l a b l e s i t e sampling and t e s t i n g data, along with 
reference data on the p h y s i c a l p r o p e r t i e s of wood preserva
t i v e s a l l o w f o r a q u a l i t a t i v e assessment of the immediate 
environmental pathways through which humans could be exposed 
to wood p r e s e r v a t i v e c o n s t i t u e n t s away from the s i t e . Fur
the r sampling and study w i l l concentrate on e s t i m a t i n g po
t e n t i a l immediate and long-term amounts of p r e s e r v a t i v e 
residues c a r r i e d through these pathways. Future work w i l l 
c onsider remedial a c t i o n s to reduce s h o r t - and long-term 
m i g r a t i o n of p r e s e r v a t i v e residues below t a r g e t l e v e l s . The 
human populations considered i n t h i s q u a l i t a t i v e assessment 
are the i n d u s t r i a l neighbors, the North P o r t l a n d r e s i d e n t s 
on the the h i l l s i d e east of the p l a n t , any r i v e r t r a f f i c , 
and l i m i t e d unauthorized p e d e s t r i a n t r a f f i c along the bank 
of the Willamette. 

Onsite sampling i n d i c a t e s t h a t a r s e n i c , chrome, and copper 
are only of marginal concern w i t h i n the contaminated areas 
of the p l a n t . Considering the lack of m o b i l i t y of these 
metals, which commonly occur i n the environment, and that 
f u r t h e r d i l u t i o n w i l l occur i f these c o n s t i t u e n t s are 
re l e a s e d o f f s i t e , i t would appear that the o f f s i t e e f f e c t s 
of these metals are not an immediate concern. Therefore, 
pentachlorophenol and creosote are the focus of the f o l l o w 
i n g s i t e - s p e c i f i c a n a l y s i s of p o t e n t i a l immediate environ
mental pathways f o r o f f s i t e human exposure to contaminated 
s o i l and a s s o c i a t e d waters: 

o Domestic (potable) w a t e r — L o c a l North P o r t l a n d 
r e s i d e n t s and i n d u s t r i e s adjacent to the s i t e use 
C i t y of P o r t l a n d domestic water (from a "very remote 
source), so any wood p r e s e r v a t i v e c o n s t i t u e n t s i n 
s i t e s o i l s or groundwater are of no concern with 
regard to the l o c a l potable water supply. Samples 
taken downstream from the p l a n t have shown no de
t e c t a b l e wood p r e s e r v i n g c o n s t i t u e n t s . Although 
there i s probably some s l i g h t contamination reach
ing the Willamette River from groundwater flow 
connecting w i t h the Willamette, or from p e r i o d i c 
stormwater flow, these c o n t r i b u t i o n s are not 
l i k e l y to be detected compared to the lar g e r i v e r 
flow. Even some l o c a l sampling by DEQ has not 
shown any r i v e r water contamination. Any 
unmeasured t r a c e contamination i s not of 
p a r t i c u l a r concern because of the known b i o -
d e g r a d a b i l i t y of these organic compounds (see 
Appendix D). 

o Ri v e r sediments—The " o f f s i t e " r i v e r sediments 
c o n t a i n some contamination from past p r a c t i c e s and 
probably from some groundwater lenses flowing 
through contaminated zones on the s i t e i n t o the 
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r i v e r . Since the r i v e r water above these s e d i 
ments does not show contamination, the magnitude 
of t h i s problem appears to be minor. The r i s k of 
immediate human exposure appears to be minimal. 
Sediments'would be of s p e c i f i c concern only i f 
major dredging occurred. Again, the biodegrada-
b i l i t y of the organic c o n s t i t u e n t s i n the s e d i 
ments may make t h i s a s e l f - m i t i g a t i n g problem. 

o Vapor e m i s s i o n s — T h e c o n s t i t u e n t s i n v o l v e d w i t h 
the contaminated s o i l s or a s s o c i a t e d waters have 
l i t t l e or no vapor pressure, so v o l a t i l e emissions 
are of no concern. 

o Airborne p a r t i c u l a t e s — T h e o r e t i c a l l y , surface dust 
can migrate o f f s i t e to adjacent i n d u s t r i e s , l o c a l 
r e s i d e n t s , or passing r i v e r t r a f f i c . But since 
extensive h e a l t h s t u d i e s (see Appendix A) concern- . 
in g o n s i t e worker exposure i n d i c a t e t h a t there i s 
no s i g n i f i c a n t h e a l t h r i s k o n s i t e , and c o n s i d e r i n g 
t h a t the dust would be d i l u t e d before o f f s i t e ex
posure occurred, i t i s d i f f i c u l t to imagine any 
s i g n i f i c a n t consequences through t h i s environmental 
pathway. 

In summary, human exposure from vapor, l i q u i d , or s o l i d s 
c o n t a i n i n g residues from the contaminated s o i l s and a s s o c i 
ated waters do not appear to be s i g n i f i c a n t , immediate pub
l i c h e a l t h i s s u e s . Further study to q u a n t i f y immediate, as 
w e l l as long-term pathways of exposure and to study methods 
fo r f u r t h e r reducing p o t e n t i a l o f f s i t e r e l e a s e should be 
performed to best minimize any long-term r i s k s . 

CVR32/034 
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Section 5 
FUTURE WORK 

As discussed i n Section 3, McCormick & Baxter i s proceeding 
w i t h a program to continue to reduce the p o t e n t i a l o f f s i t e 
r e l e a s e s of wood p r e s e r v a t i v e s through improved point source 
c o n t r o l . This program i n c l u d e s continued e f f o r t s to i s o l a t e 
the wood p r e s e r v a t i o n operations from other p l a n t operations; 
and an i n t e n s i f i e d i n s p e c t i o n and maintenance program. 
McCormick & Baxter i s a l s o performing e x t e r n a l and i n t e r n a l 
i n s p e c t i o n of p r e s e r v a t i v e storage and work tanks to make 
sure there i s no re l e a s e of p r e s e r v a t i v e s to the environment 
from these tanks. 

In a d d i t i o n to s i t e improvements, McCormick & Baxter w i l l 
continue to c o l l e c t i n f o r m a t i o n on the presence of wood pre
s e r v a t i v e c o n s t i t u e n t s i n the s i t e s o i l s , surface waters, 
and groundwater to f u r t h e r c h a r a c t e r i z e the s i t e . The char
a c t e r i z a t i o n i s r e q u i r e d to more a c c u r a t e l y define the long-
term p o t e n t i a l f o r o f f s i t e exposure of wood p r e s e r v a t i v e s 
from the s i t e . With the a d d i t i o n a l information needed to 
more f u l l y c h a r a c t e r i z e the s i t e , a remedial i n v e s t i g a t i o n 
(RI) and f e a s i b i l i t y study (FS) w i l l be prepared. The RI/FS 
w i l l determine i f any long-term r i s k s e x i s t which exceed 
h e a l t h or environmental c r i t e r i a . I f so, i t w i l l i d e n t i f y 
the lowest cost a l t e r n a t i v e that i s t e c h n o l o g i c a l l y f e a s i b l e 
f o r those areas of the p l a n t s i t e that are sources of o f f s i t e 
r e l e a s e s of p r e s e r v a t i v e s . 

Some of the future work has been b r i e f l y mentioned i n p r e v i 
ous s e c t i o n s of t h i s i n t e r i m r e p o r t . This s e c t i o n provides 
a b r i e f summary of the a d d i t i o n a l data required to complete 
the c h a r a c t e r i z a t i o n of the s i t e . In a d d i t i o n , the RI/FS 
process i s described. A schedule f o r t h i s future work has 
a l s o been prepared which in c l u d e s q u a r t e r l y progress reports 
to the DEQ. 

FUTURE SITE INVESTIGATIONS 

S u b s t a n t i a l progress has been made i n the l a s t year charac
t e r i z i n g the s i t e hydrogeology and i d e n t i f y i n g the presence 
of p r e s e r v a t i v e s i n the s i t e s o i l s and groundwater. In addi 
t i o n , past and p o t e n t i a l current s i t e a c t i v i t i e s have been 
evaluated w i t h respect to being p o t e n t i a l sources of o f f s i t e 
r e l e a s e s of p r e s e r v a t i v e s . However, a d d i t i o n a l information 
i s needed to b e t t e r c h a r a c t e r i z e the s i t e and prepare the 
RI/FS. This a d d i t i o n a l i n f o r m a t i o n i n c l u d e s : 

o The depth of wood p r e s e r v a t i v e s i n the s o i l near 
the tank farfiu Laboratory a n a l y s i s of s o i l samples 
from MW-I i n d i c a t e a high concentration of o i l and 
grease at a depth of 35 to 40 f e e t . A heavy o i l 
f r a c t i o n that i s denser than water was observed 
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w h i l e d r i l l i n g t h i s monitoring w e l l . I t i s unknown 
whether the high o i l and grease c o n c e n t r a t i o n i s 
due to these heavy o i l s or i s due to contamination 
of the sample as i t was lowered and withdrawn 
through l e s s dense o i l s f l o a t i n g on the water i n 
side the auger. 

Bulk a q u i f e r parameters, p a r t i c u l a r l y h y d r a u l i c 
c o n d u c t i v i t y . P e r m e a b i l i t y t e s t i n g to date has 
given only approximate values of p e r m e a b i l i t y at 
the s i t e . 

V e r t i c a l g r a d i e n t s at the s i t e . As i n d i c a t e d i n 
Table 4-1, a l l monitoring w e l l s i n s t a l l e d to date 
are screened over approximately the same i n t e r v a l . 
The d i f f e r e n c e i n s t a t i c water e l e v a t i o n w i t h depth 
cannot be determined. Because the Willamette R i v e r 
i s a groundwater discharge area, an upward v e r t i c a l 
g r a d ient i s expected. An upward gradient would 
r e s t r i c t the downward v e r t i c a l m i g r a t i o n of d i s 
solved c o n s t i t u e n t s . 

Seasonal v a r i a t i o n i n groundwater l e v e l s . Because 
the monitoring w e l l network has been i n place f o r 
only a short time, the response of groundwater 
l e v e l s to seasonal v a r i a t i o n s i n p r e c i p i t a t i o n and 
r i v e r stage i s unknown. 

The a r e a l extent and t h i c k n e s s of low-density o i l s 
f l o a t i n g on the water t a b l e . O i l has o c c a s i o n a l l y 
been found f l o a t i n g on the water surface i n MW-D, 
-G, and - I . The p e r s i s t a n c e and t h i c k n e s s bf the 
o i l l a y e r i s not known and needs to be determined. 

Long-term trends i n groundwater q u a l i t y . Informa
t i o n regarding trends i n groundwater q u a l i t y i s 
necessary to evaluate any long-term e f f e c t s t h a t 
past or current s i t e a c t i v i t i e s may have on ground
water i n the area. 

V e r t i c a l extent of wood p r e s e r v a t i v e s i n the s o i l . 
S o i l samples were c o l l e c t e d about every f i v e f e e t 
but not a l l samples were analyzed. A review of 
the l a b o r a t o r y r e s u l t s shows that f o r some borings 
there are from 20 to 30 f e e t between high and low 
concentrations of wood p r e s e r v a t i v e s . The s o i l 
samples between these p o i n t s should be analyzed to 
f u r t h e r c h a r a c t e r i z e the presence of wood preser
v a t i v e s f o r the e v a l u a t i o n of remedial a c t i o n 
a l t e r n a t i v e s . In a d d i t i o n , a d d i t i o n a l s o i l samples 
need to be analyzed f o r PAH's to assess the pres
ence and extent of m i g r a t i o n of creosote. 
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To c o l l e c t the a d d i t i o n a l i n f o r m a t i o n that i s needed, a mul-
t i f a c e t e d d r i l l i n g and data c o l l e c t i o n program i s planned. 
I t i s proposed t h a t a deeper w e l l (MW-N) be i n s t a l l e d i n the 
v i c i n i t y of MW-I. The depth of the wood p r e s e r v a t i v e s near 
MW-I w i l l be determined by sampling with a standard s p l i t 
spoon at 5-foot i n t e r v a l s w h i l e d r i l l i n g MW-N. In order to 
prevent contamination of the samples by f l o a t i n g o i l , i t may 
be necessary to use an a l t e r n a t e d r i l l i n g method such as 
cable t o o l . This method r e q u i r e s that a temporary s t e e l 
c a s i n g be d r i v e n as d r i l l i n g progresses. The temporary s t e e l 
c a s i n g should form an e f f e c t i v e b a r r i e r . 

A f t e r d r i l l i n g to an estimated depth of 70 f e e t , a permanent 
w e l l c a s i n g w i l l be i n s t a l l e d and the temporary casing p u l l e d 
back t o expose the screen. The screen w i l l extend from 65 to 
55 feet below the sur f a c e , approximately 20 feet below the 
bottom of MW-I. The s t a t i c water l e v e l d i f f e r e n c e between 
the shallow MW-I and the deeper MW-N w i l l r e f l e c t the magni
tude and d i r e c t i o n of the v e r t i c a l gradient. 

Bulk h y d r a u l i c c o n d u c t i v i t y w i l l be estimated by conducting 
a 24-hour pumping t e s t at MW-N. A submersible pump w i l l be 
i n s t a l l e d i n MW-N and the water l e v e l s i n MW-N, - I , and.^pos-
s i b l y -H and -M w i l l be monitored as the pump t e s t progresses. 
A f t e r pumping stops, the water l e v e l recovery i n the w e l l s 
w i l l be monitored to provide a check on the drawdown data. 

Water l e v e l s i n a l l monitoring w e l l s and i n the Willamette 
R i v e r w i l l be measured weekly u n t i l one year's record has 
been c o l l e c t e d . This w i l l help to i d e n t i f y the seasonal 
v a r i a t i o n i n groundwater l e v e l s and t h e i r r e l a t i o n to r i v e r 
stage. 

Each monitoring w e l l w i l l be v i s u a l l y inspected f o r the pres
ence of o i l . I f o i l i s detected f l o a t i n g on the water i n 
any monitoring w e l l during the r o u t i n e water l e v e l measure
ments, i t s t h i c k n e s s w i l l be measured using a s t e e l tape and 
water f i n d i n g paste such as Kolor-Kut. This paste changes 
c o l o r upon contact w i t h water, a l l o w i n g accurate determina
t i o n of the top and bottom of an o i l l a y e r . 

The c u r r e n t record of groundwater q u a l i t y data i s d i f f i c u l t 
to i n t e r p r e t because i t i s too short and because the analyzed 
c o n s t i t u e n t s are not c o n s i s t e n t between w e l l s . I t i s pro
posed t h a t a q u a r t e r l y groundwater sampling program be i n i 
t i a t e d i n A p r i l . Subsequent sample c o l l e c t i o n s w i l l take 
place i n J u l y , October, and December to c o i n c i d e with the 
seasons. 

A l l monitoring w e l l s w i l l be sampled by b a i l i n g w i t h a s t a i n 
l e s s s t e e l b a i l e r . The b a i l e r w i l l be cleaned between w e l l s 
w i t h a detergent wash, a tapwater r i n s e , an acetone r i n s e . 
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and a d i s t i l l e d water r i n s e . Wells w i l l be purged by b a i l 
ing a minimum of three casing volumes before sampling. 

Temperature, pH, and s p e c i f i c conductance w i l l be measured 
i n the f i e l d at each w e l l during sampling. The meters w i l l 
be c a l i b r a t e d and checked i n the f i e l d a gainst appropriate 
b u f f e r s and standards. The p o r t i o n of the sample taken f o r 
f i e l d chemical a n a l y s i s w i l l be discarded to avoid contam
i n a t i n g the l a b o r a t o r y sample. 

P r e v i o u s l y c o l l e c t e d s o i l samples th a t have been kept frozen 
i n CH2M HILL's C o r v a l l i s l a b o r a t o r y w i l l be analyzed f o r the 
appropriate wood p r e s e r v a t i v e c o n s t i t u e n t s f o r those areas 
where c e r t a i n s o i l samples were not p r e v i o u s l y analyzed. 

Groundwater and s o i l samples w i l l be analyzed f o r penta
chlorophenol and screened f o r t o t a l PAH on a gas chromatograph, 
Inorganic analyses w i l l i n c l u d e copper, t o t a l chrome, hexa
v a l e n t chromium, and a r s e n i c . These s i x parameters, plus 
the f i e l d pH and s p e c i f i c conductance, w i l l serve as i n d i c a 
t o r parameters, intended to r e f l e c t the e f f e c t s of past and 
present s i t e a c t i v i t i e s . 

RI/FS PROCESS 

To adequately c h a r a c t e r i z e a , s i t e and any p o s s i b l e r i s k s to 
human h e a l t h and the environment, i t i s necessary to view 
the s i t e from many p e r s p e c t i v e s , so that a l l issues are ad
dressed. Furthermore, i f a r i s k i s i d e n t i f i e d , the s o l u t i o n 
should focus on reducing the r i s k to an acceptable l e v e l and 
do so i n a c o s t - e f f e c t i v e manner. With the m u l t i p l i c i t y of 
t e c h n i c a l i s s u e s , v a r y i n g v i e w p o i n t s , and c o s t / b e n e f i t trade
o f f s , the c h a r a c t e r i z i n g of a r i s k and i t s m i t i g a t i o n i s a 
formidable task. 

The N a t i o n a l Contingency Plan (NCP) acknowledges the com
p l e x i t y of t h i s task and i n f a c t o u t l i n e s an approach f o r 
untangling t h i s maze of t e c h n i c a l issues f o r s i t e s on the 
N a t i o n a l P r i o r i t i e s L i s t (NPL). This i s u s u a l l y r e f e r r e d to 
as an RI/FS and i n c l u d e s a remedial i n v e s t i g a t i o n (RI) f o r 
c h a r a c t e r i z i n g the s i t e r i s k s , and a f e a s i b i l i t y study (FS) 
f o r i d e n t i f y i n g a c o s t - e f f e c t i v e remedy. The NCP a l s o i n 
cludes a hazard r a t i n g system. A s i t e must "present an im
minent and s u b s t a n t i a l danger to p u b l i c h e a l t h or w e l f a r e , 
or the environment" and a l s o r e c e i v e a high r a t i n g r e l a t i v e 
to other s i t e s before i t i s placed on the NPL. The mere 
presence of contamination i s not s u f f i c i e n t to support NPL 
l i s t i n g . 

The McCormick & Baxter wood t r e a t i n g f a c i l i t y i n P o r t l a n d i s 
not on the NPL and, t h e r e f o r e , no s i t e remedial a c t i o n s are 
r e q u i r e d . However, McCormick & Baxter i s concerned about 
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the p o s s i b i l i t y of any adverse long-term environmental ef
f e c t s from t h e i r past and present operations and has chosen 
to f o l l o w the b a s i c RI/FS approach o u t l i n e d i n the NCP as a 
g u i d e l i n e f o r long-term c o n t r o l of wood-treating chemicals. 

REMEDIAL INVESTIGATION 

An RI provides s i t e c h a r a c t e r i z a t i o n data i n c l u d i n g demography, 
land use, n a t u r a l resources, c l i m a t o l o g y , hazardous waste 
types and d i s t r i b u t i o n , hydrogeology, surface water i n t e r a c 
t i o n s , b i o t a , and a i r data. An RI serves to i d e n t i f y any 
s i t e areas of concern f o r t o x i c chemicals and exposure path
ways of contamination to p o t e n t i a l t a r g e t s at r i s k . RI work 
to date f o r McCormick & Baxter has been presented i n Sec
t i o n 4. 

FEASIBILITY STUDY 

Sections 300.68g and 300.68h of the NCP provide guidance f o r 
the development and i n i t i a l screening of remedial a c t i o n 
a l t e r n a t i v e s f o r s i t e s which pose a long-term r i s k from haz
ardous substances. A l i m i t e d number of a l t e r n a t i v e s would 
be developed and subjected to i n i t i a l screening based on 
three broad c r i t e r i a : 1) c o s t , 2) e f f e c t s of the a l t e r n a 
t i v e , and 3) acceptable engineering p r a c t i c e s . This NCP 
guidance w i l l be used as a b a s i s f o r i d e n t i f y i n g any long-
term r i s k s which exceed h e a l t h or environmental c r i t e r i a . • 
I f so, i t w i l l a l s o a s s i s t i n developing and screening the 
remedial a c t i o n a l t e r n a t i v e s to leave only those s i t e - s p e c i f i c 
a l t e r n a t i v e s t h a t are t e c h n i c a l l y a p p l i c a b l e , f e a s i b l e , and 
c o s t - e f f e c t i v e . 

A p r e l i m i n a r y screening of p o s s i b l e remedial technologies 
f o r the McCormick & Baxter s i t e has been i n i t i a t e d and i s . 
presented i n Appendix E. This screening of technologies i s 
based upon curren t s i t e i n f o r m a t i o n and w i l l be updated dur
ing the RI/FS. The RI/FS e v a l u a t i o n w i l l combine these tech
no l o g i e s i n t o remedial a c t i o n a l t e r n a t i v e s which meet the 
r i s k assessment c r i t e r i a f o r each s i t e contamination source 
i d e n t i f i e d . 

The remedial technologies remaining a f t e r p r e l i m i n a r y screen
ing i n Appendix E are: 

A. Surface Caps 

o P o r t l a n d cement concrete 
o Bituminous concrete (asphalt) 
o Gravel over g e o t e x t i l e 
o Loam over s y n t h e t i c membrane over sand 
o Loam over c l a y 
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B. Containment B a r r i e r s 

o S o i l - b e n t o n i t e s l u r r y w a l l 
o Cement-bentonite s l u r r y w a l l 
o S h e e t - p i l i n g 

C. Groundwater Pumping 

o Well p o i n t s 

Suction pump system 
J e t e j e c t o r pump system 
Submersible pump system 

o Deep w e l l s 

D. S o i l Excavation 

o Backhoes 

o Front-end loaders 

E. Sediment Removal 

o Mechanical dredging 

F. Water Treatment 

o Aerobic treatment systems 
A c t i v a t e d sludge 
T r i c k l i n g f i l t e r s 
F l u i d i z e d bed b i o r e a c t o r s 

o Anaerobic treatment systems 

o P r e c i p i t a t i o n 

o Organic chemical o x i d a t i o n 

o Flow e q u a l i z a t i o n 

o A c t i v a t e d carbon 

o L i q u i d / l i q u i d e x t r a c t i o n 

o O i l - w a t e r separation 

Water D i s p o s a l 

o , Discharge to a p u b l i c l y owned treatment works 
o Discharge to the r i v e r 
o Shallow r e i n j e c t i o n 
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S o i l D i s p o s a l 

o O f f s i t e l a n d f i l l 
o O f f s i t e i n c i n e r a t i o n 

These technologies w i l l be combined i n t o a l t e r n a t i v e s that 
w i l l then be evaluated i n d e t a i l to determine which i s the 
most c o s t - e f f e c t i v e . Per Se c t i o n 300.68 of the NCP, the 
most c o s t - e f f e c t i v e response a c t i o n i s defined as: "the 
lowest cost a l t e r n a t i v e t h a t i s t e c h n o l o g i c a l l y f e a s i b l e and 
r e l i a b l e and which e f f e c t i v e l y m i t i g a t e s and minimizes damage 
to and provides adequate p r o t e c t i o n of p u b l i c h e a l t h , w e l f a r e , 
or the environment." 

A P u b l i c Health E v a l u a t i o n and an Environmental A n a l y s i s are 
used to determine the s h o r t - and long-term e f f e c t s i f no 
a c t i o n i s implemented or i f any of the response a c t i o n a l t e r 
n a t i v e s are implemented. 

PUBLIC HEALTH EVALUATION 

Ev a l u a t i o n of the short-term and long-term e f f e c t s of t o x i c 
chemical contamination on the p u b l i c c o n s i s t s of three major 
tas k s . F i r s t , b a s e l i n e s i t e data from a remedial i n v e s t i g a 
t i o n are needed to i d e n t i f y and l o c a t e s i t e contamination i n 
surface water, groundwater, s o i l s and sediments, or a i r which 
may threaten human h e a l t h . Second, an Exposure Assessment 
i s done f o r each s i t e scenario considered (no a c t i o n and 
remedial actions) to estimate p o t e n t i a l concentrations of 
t o x i c chemicals at human pop u l a t i o n t a r g e t p o i n t s of concern. 
Chemicals are s e l e c t e d f o r use i n the Exposure Assessment 
based on c o n s i d e r a t i o n s of t o x i c i t y , p e r s i s t e n c e , ; m o b i l i t y , 
and s i t e contamination l e v e l and extent. 

The t h i r d step, which may s t a r t during the RI, i s to analyze 
human h e a l t h c r i t e r i a data and re g u l a t o r y compliance data 
f o r s p e c i f i c t o x i c chemicals of concern. Based on these 
data and the Exposure Assessment, standards are developed to 
allow the e v a l u a t i o n of whether short-term or long-term human 
he a l t h e f f e c t r i s k s are acceptable f o r a given s i t e scenario. 

ENVIRONMENTAL ANALYSIS 

The Environmental A n a l y s i s considers short-term and long-term 
e f f e c t s of t o x i c chemical contamination on the environment. 
For the Environmental A n a l y s i s , the t a r g e t p o i n t s of concern 
are p l a n t and animal l i f e . The Environmental A n a l y s i s pro
cess i s s i m i l a r to the P u b l i c Health Evaluation. Baseline 
s i t e data are used i n the RI to i d e n t i f y environmental p o i n t s 
of concern f o r sh o r t - and long-term e f f e c t s of s p e c i f i c t o x i c 
chemicals. D i f f e r e n t p o s s i b l e exposure scenarios are con
sidered and e v a l u a t i o n c r i t e r i a are e s t a b l i s h e d based on 
exposure data and e x i s t i n g data on environmental e f f e c t l e v e l s 
and r e g u l a t o r y compliance l e v e l s . 
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SCHEDULE 

The anticipated schedule for future work i s provided in 
Table 5-1. 

CVR33/020 
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ACTIVITY 1985 1986 •••r: 
F M A M J J A S O N D J F ; M A M J J A S O N D 

ADDITIONAL DATA COLLECTION 
GROUNDWATER 

Installation of Monitoring Well-N 

Pump test 

Water level measurements 

Oil observations and measurements • 
1^ . 

Monitoring well sampling and analysis 

SOILS 

Sampling and analysis of Monitoring Well-N soils 

Analysis of previously collected soils 

SURFACEWATER 

Flow measurements of stormwater outfall 

Sampling and analysis of stormwater outfall 

Inspection of Willamette River for oil 

PROCESS 

Inspection of remaining tanks in tank farm 

Inspection of underground pipeline 

DELIVERABLES 
Status Reports 

Draft Remedial Invostigation (Rl) Report 

Draft Feasibility Study (FS) Report 

Final RI/FS Report 

-9(1' 

TABLE 5-1 
SCHEDULE FOR FUTURE 
ACTIVITIES 

McCORMICK & BAXTER 
CREOSOTING COMPANY 
PORTLAND, OREGON 

•CHMHILL-



BIBLIOGRAPHY 



Section 6 
BIBLIOGRAPHY 

Alexander, M., and M.I.H. Aleem. E f f e c t of Chemical Struc
ture on M i c r o b i a l Decomposition of Aromatic H e r b i c i d e s , 
J o u r n a l of A g r i c u l t u r a l Food Chemistry. 9(l):44-47. 1961. 

American Petroleum I n s t i t u t e . Manual on Dispo s a l of Refinery 
Wastes, V o l . I . Wastewater Containing O i l (6th E d i t i o n ) , 
1969. 

American Wood Preservers I n s t i t u t e . OPP-30000/30; Rebut
t a b l e Presumptions Against R e g i s t r a t i o n and Continued Regis
t r a t i o n of P e s t i c i d e Products Containing Pentachlorophenol. 
V o l . 1: Di s c u s s i o n and A n a l y s i s of Risks and B e n e f i t s Asso
c i a t e d with Pentachlorophenol Used As a Wood P r e s e r v a t i v e . 
Submitted to U.S. Environmental P r o t e c t i o n Agency i n response 
to EPA P o s i t i o n Document (PD-1). February 12, 1979. 

American Wood Preservers I n s t i t u t e . OPP-30000/28: Rebut
t a b l e Presumptions Against R e g i s t r a t i o n and Continued Regis
t r a t i o n of P e s t i c i d e Products Containing Coal Tar, Creosote, 
and Coal Tar Neut r a l O i l . V o l . 1: Discussion and A n a l y s i s 
of Risks and B e n e f i t s Associated with Coal Tar, Creosote, 
and Coal Tar Ne u t r a l O i l Used as Wood P r e s e r v a t i v e s . Sub
mitted to U.S. Environmental P r o t e c t i o n Agency i n response 
to EPA P o s i t i o n Document 1 (PD-1). February 12, 1979. 

American Wood Preservers I n s t i t u t e . OPP-30000/29: Rebut
t a b l e Presumptions Against R e g i s t r a t i o n and Continued Regis
t r a t i o n of P e s t i c i d e Products Containing Inorganic A r s e n i c . 
V o l . I : Dis c u s s i o n and A n a l y s i s of Risks and B e n e f i t s Asso
c i a t e d with Inorganic A r s e n i c Used as a Wood P r e s e r v a t i v e . 
Submitted to the U.S. Environmental P r o t e c t i o n Agency i n 
response to EPA P o s i t i o n Document 1 (PD-1). February 12, 
1979. 

American Wood Preservers A s s o c i a t i o n . Report of S p e c i a l 
Committee of Environmental P r o t e c t i o n Agency Liason. 1975. 

Ars e n a u l t , R. D. Pentachlorophenol and Contained C h l o r i n a t e d 
Dibenzodioxins i n the Environment. American Wood Preservers 
A s s o c i a t i o n , 1976. 

Bedient, P., A. Rogers, T. Bourette, M. Tomson, and T. Wang. 
Groundwater Q u a l i t y at a Creosote Waste S i t e . Groundwater. 
V o l . 22, No. 3, May-June 1984. 

Bevenue, A., and H. Beckman. Pentachlorophenol: A Discus
s i o n of I t s P r o p e r t i e s and I t s Occurrence as a Residue i n 
Human and Animal Tissues. Residue Review 19:83-134. 1967. 

6-1 



Bowen, H.J.M. Trace Elements i n Biochemistry. Academic 
Press, New York. 1966. 

Braun, W.H., J.D. Young, M.W. Sauerhoff, G.E. Blau, and 
P.J. Gehring. The Pharmacokinetics and Metabolism of Penta
chlorophenol i n Rats and Monkeys. T o x i c o l . Appl. Pharmacol. 
37:94. 1976. 

Cherry, W i l l i a m R., and B r i a n P. Jessen. U t i l i z a t i o n of 
Molecular Oxygen and Su n l i g h t i n the Oxid a t i v e P u r i f i c a t i o n 
of Water. Water Research I n s t i t u t e , West V i r g i n i a Univer
s i t y , Morgantown, West V i r g i n i a . Report No.: W83-02134; 
OWRT-A-042-WVA(1). 1982. 

Choi, J . , and S. Aomine. E f f e c t s of the S o i l on the A c t i v i t y 
of Pentachlorophenol. S o i l S c i . P l a n t Nutr. 18 (6) :255-260. 
1972. 

Choi, J . , and S. Aomine. Adsorption of Pentachlorophenol by 
S o i l s . S o i l S c i . P l a n t Nutr. 20 (2) : 135-144. 1974. 

Choi, J . , and S. Aomine. Mechanisms of Pentachlorophenol 
Adsorption by S o i l s . S o i l S c i . P l a n t Nutr. 20 (4) :371-379. 
1974a. 

Chu, J . P. and E. K i r s c h . M i c r o b i a l Degradation of PCP and 
Related Chlorophenols. Purdue U n i v e r s i t y , 1972. 

CH2M HILL. Western Processing F e a s i b i l i t y Study ( D r a f t ) . 
Prepared f o r U.S. EPA. Be l l e v u e , Washington. December 
1984. 

Crosby, D. G. and N i z a r Hamadmad. Photoreduction of PCB's. 
A g r i c u l t u r a l and Food Chemistry. V o l . 19, No. 6, p. 1171. 
November/December 1971. 

Crosby, D. G. Environmental Chemistry of Pentachlorophenol. 
Pure and Ap p l i e d Chemistry. V o l . 53 (5). Pp. 1052-1080. 
1981. 

C s e r j e s i , A. J . and E. L. Johnson. Methylation of Penta
chlorophenol by Trichoderma Virgatum. Canadian J o u r n a l of 
Micro b i o l o g y . V o l . 18, 19 72. 

C s e r j e s i , A. J . D e t o x i f i c a t i o n of C h l o r i n a t e d Phenols. 
Department of the Environment, Canadian F o r e s t r y S e r v i c e , 
Western Forest Products Laboratory, Vancouver 8, B r i t i s h 
Columbia, Canada, December 1972. 

Daros, B., et a l . Wood Pr e s e r v i n g Industry Multimedia Emis
si o n Inventory. EPA-600/52-81-066. 1931. 

6-2 



Dust, J . and W. Thompson. P o l l u t i o n C o n t r o l i n the Wood-
Pres e r v i n g Industry, Part I I I . Forest Products J o u r n a l . 
V o l . 22, No. 12, pp. 25-30, December 1972. 

Dust, J . , W. Thompson, A. Shinda l a , and N. Francingues. 
Chemical and B i o l o g i c a l Treatment of Wastewater from the 
Wood Pre s e r v i n g Industry. N.D. 

E d g e h i l l , R. and R. Finn. A c t i v a t e d Sludge Treatment of 
Syn t h e t i c Wastewater Containing PCP. Biotechnology and 
Bioengineering. V o l . 25, pp. 2165-2176. 1983. 

F e r r i s , J . and D. Knowles. The Slug I n j e c t i o n Test f o r 
Est i m a t i n g the C o e f f i c i e n t of T r a n s m i s s i b i l i t y of an A q u i f e r . 
In: Methods of Determining P e r m e a b i l i t y , Transmission, and 
Drawdown. R. B e n t a l l , ed. U.S. G e o l o g i c a l Survey Water 
Supply Paper 1536-1, 339 p. 1963. 

Fi n n , R. K. Use of S p e c i a l i z e d M i c r o b i a l S t r a i n s i n the 
Treatment of I n d u s t r i a l Waste and i n S o i l Decontamination. 
1983. 

F i s h e r , C.W. Koppers' Experience Regarding I r r i g a t i o n -of 
I n d u s t r i a l E f f l u e n t Waters and E s p e c i a l l y Wood-Treating 
P l a n t E f f l u e n t s . Proceedings of the Conference on P o l l u t i o n 
C o n t r o l i n the Wood-Preserving Industry. W.S. Thompson, 
ed. M i s s i s s i p p i For. Prod. Lab., Miss. State Univ., State 
C o l l e g e , Miss. Pp. 232-248. 1971. 

Gut h r i e , M., E. K i r s c h , R. Wukasch, and C. Grady J r . Penta
chlorophenol Biodegradation-II Anaerobic. Water Resources. 
V o l . 18, No. 4, pp. 451-461. 1984. 

Hackett, Murray, et a l . The Toxicology of Pentachlorophenol 
and I t s Contaminants. C o r v a l l i s , Oregon: OSU Department of 
C i v i l Engineering. 1984. 

Hawley, Gessner G. The Condensed Chemical D i c t i o n a r y . San 
Fr a n c i s c o , C a l i f o r n i a : Van Nostrand Reinhold Company. 1981. 

Herbes, S. L., G. R. Southworth, and D. L. Shaeffer. C r i t i c a l 
Pathways of P o l y c y c l i c Aromatic Hydrocarbons i n Aquatic Environ
ments. In: The S c i e n t i f i c Basis of T o x i c i t y Assessment. 
H. W i t s c h i , ed. E l s e v i e r . 1980. Pp. 113-128. 

H e t r i c k , L.A. The Comparative T o x i c i t y of Some Organic 
I n s e c t i c i d e s as Termite S o i l Poisons. Journal of Economic 
Entomology. 45 (2) :235-237. 1952. 

H i l t o n , H. Wayne and Quan H. Yuen. Adsorption of Several 
Pre-emergence Herbicides by Hawaiian Sugar Cane S o i l s . 
A g r i c u l t u r a l and Food Chemistry. V o l . 11, No. 3, May-June 
1963 . 

6-3 



Hogenson, G.M., and B.L. Foxworthy. Ground Water i n the 
East P o r t l a n d Area, Oregon. U.S. G e o l o g i c a l Survey Water 
Supply Paper 1793, 78 p. 1965. 

Howard, P. H., J . Saxena, and H. S i k k a . Determining the 
Fate of Chemicals. Environmental Science Technology V o l . 12, 
No. 4, 1978. Pg. 398-407. 

Ide, A., Y. N i k i , F. Sakamoto, I . Watanabe, and H. Watanabe. 
Decomposition of Pentachlorophenol i n Paddy S o i l . A g r i c . 
B i o l . Chem. 36(1) :937-1844?. 1972. 

Kaufman, D. D. Degradation of Pentachlorophenol i n S o i l , 
and by S o i l Microorganisms. I n : Pentachlorophenol: Chem
i s t r y , Pharmacology, and Environmental Toxicology. K. R. 
Rao, ed. 5 (27) 1978. Pp. 27-39. 

K i r s c h , E. J . and J . E. E t z e l . M i c r o b i a l Decomposition of 
Pentachlorophenol. Water P o l l u t i o n C o n t r o l Federation Jour
n a l . V o l . 5, No. 2, February 1973. 

K i r s c h , E. J . B i o d e g r a d a b i l i t y of Pentachlorophenol i n a 
Model Wastewater Treatment System. Purdue U n i v e r s i t y 
Research Report. N.D. 

Kobayashi, K. and H. A k i t a k e . Studies on the Metabolism of 
Chlorophenols i n F i s h . B u l l e t i n of the Japanese S o c i e t y of 
S c i e n t i f i c F i s h e r i e s . 41(1)87-92(1975). 

Konasewich, D. E., et a l . Chlorophenate Wood P r o t e c t i o n — 
Recommendations f o r Design and Operation. B r i t i s h Columbia, 
Canada: BC M i n i s t r y of Environment. 1983. 

Kuwatsuka, S. and M. I g a r a s h i . Degradation of PCP i n S o i l s . 
S o i l Science P l a n t N u t r i e n t s . 21, 405-414, 1975. 

Lee, R.F., W.S. Gardner, J.W. Anderson, J.W. B l a y l o c k , and 
J . B a r w e l l - C l a r k e . Fate of P o l y c y c l i c Aromatic Hydrocarbons 
i n C o n t r o l l e d Ecosystem Enclosures. Environmental Science 
and Technology. 12 (7) :832-837. 1978. 

L i u , Dickson, W i l l i a m Strachan, Karen Thomson, and Kazimiera 
Kwasniewska. Determination of the B i o d e g r a d a b i l i t y of 
Organic Compounds. Environmental Science and Technology. 
V o l . 14, No. 7, J u l y 1981. 

L o u s t a l o t , A.J., and R. F e r r e r . The E f f e c t of Some Environ
mental Factors on the P e r s i s t e n c e of Sodium Pentachloro-
phenate i n the S o i l . Proceedings of the American A s s o c i 
a t i o n of H o r t i c u l t u r a l Science. 56:294-298. 1950. 

6-4 



Lu, P.Y.j^R.L. M e t c a l f , and L.K. Cole. The Environmental 
Fate of C-Pentachlorophenol. I n: Pentachlorophenol. 
R.K. Rao, ed. Plenum Press, New York. Pp. 53-66. 1978. 

14 
Lu, Po-Yung, et a l . The Environmental Fate of C-
Pentachlorophenol i n Laboratory Model Ecosystems. Environ
mental Science. V o l . 12. N.D. 

Lu, Po-Yung, et a l . Environmental Fate and B i o d e g r a d a b i l i t y 
of Benzene D e r i v a t i v e s as Studies i n a Model Aquatic Ecosystem, 
Environmental Health P e r s p e c t i v e s . V o l . 10. Pp. 269-284.-
1975. 

Mackah, D. and W. Y. Shio. Aqueous S o l u b i l i t y of 
Polynuclear Aromatic Hydrocarbons. Journal of Chemical and 
Engineering Data. V o l . 22, No. 4, 1977. Pp. 399-402. 

McGinnis, G. B i o l o g i c a l and Photochemical Degradation of 
Pentachlorophenol and Creosote. Proceedings of the Hazar
dous Waste Treatment and D i s p o s a l i n the Wood Preserving 
Industry Conference. M i s s i s s i p p i Forest Products Laboratory. 
March 1984. Pp. 115-137. 

Merck & Co. Inc. The Merck Index: Tenth E d i t i o n . Martha' 
Windholz, ed. Rahway, New Jersey. 1983. 

Middlebrooks, E.J. and E.A. Pearson. Wastes from the 
Pr e s e r v a t i o n of Wood. In: Proceedings, 29th Purdue 
I n d u s t r i a l Waste Conference. 1968. 

M i s s i s s i p p i State U n i v e r s i t y . Unpublished data i n the f i l e s 
of the M i s s i s s i p p i Forest Products Laboratory. 1975. 

M i s s i s s i p p i State U n i v e r s i t y . Unpublished data i n the f i l e s 
of the M i s s i s s i p p i Forest Products Laboratory. 1979. 

Moos, L.P., E.J. K i r s c h , R.F. Wukasch, and C.P.L. Grady, J r . 
Pentachlorophenol B i o d e g r a d a t i o n — I : Aerobic. V o l . 17, 
No. 11., Pp. 1575-1584. Great B r i t a i n : Pergamon Press L t d . 
1983. 

Munakata, K., and M. Kuwahara. Photochemical Degradation 
Products of Pentachlorophenol. Residue Review 25:13-23. 
1969. 

Munakata, Katsura and Masau Kuwahara. Photochemical Degra
dati o n Products of Pentachlorophenol. Nagoya U n i v e r s i t y , 
Nagoya, Japan. N.D. 

Murthy, N. and D. Kaufman. Anaerobic S o i l Degradation of 
PCP. Bare-West, ARC, USDA, B e l t s v i l l e , Maryland. N.D. 

6-5 



P i e r c e , R.H., and D.M. V i c t o r . The Fate of Pentachloro
phenol i n an Aquatic Ecosystem. In: Pentachlorophenol. 
K.R. Rao, ed. Plenum Pr e s s , New York, N.Y. 1978. 

Plimmer, J . R. The Photochemistry of Halogenated H e r b i c i d e s . 
N.D. 

Sax, Newton I r v i n g . Dangerous P r o p e r t i e s of I n d u s t r i a l 
M a t e r i a l s . San F r a n c i s c o , C a l i f o r n i a : Van Nostrand 
Reinhold Company. 1979. 

Suzuki, T., and K. Nose. Decomposition of Pentachlorophenol 
i n Farm S o i l . (Part 2). Penta Metabolism by a Microorganism 
I s o l a t e d from S o i l . Noyaku Seisan G i j u t s u . Japan, 26:21-24. 
1971. 

Thompson, W.S. and J.V. Dust. P o l l u t i o n C o n t r o l i n the Wood 
Prese r v i n g Industry, P a r t 2. In-P l a n t Process Changes and 
S a n i t a t i o n . Forest Products J o u r n a l . Volume 22, No. 7. 
1972. 

Thuoston, Robert V., et a l . A Review of the EPA Red Book: 
Q u a l i t y C r i t e r i a f o r Water. Bethesda, Maryland: American 
F i s h e r i e s S o c i e t y Water Q u a l i t y S e c t i o n . 1979. 

U.S. Department of A g r i c u l t u r e . The B i o l o g i c and Economic 
Assessment of Pentachlorophenol/Inorganic Arsenals/Creosote. 
Volume 1; Wood P r e s e r v a t i v e s . Cooperative Impact Assess
ment Report. Technical B u l l e t i n No. 1658-1. November 4, 
1980 . 

U.S. Department of A g r i c u l t u r e . The B i o l o g i c and Economic 
Assessment of Pentachlorophenol, Inorganic A r s e n i c a l s 
Creosote. Technical B u l l e t i n No. 1658-1. 1982. 

U.S. Department of Health and Human S e r v i c e s . R e g i s t r y of 
Toxic E f f e c t . o f Chemical Substances. V o l s . 1 through 3. 
Rodger Tutken and Richard J . Lewis, eds. C i n c i n n a t i , Ohio. 
1983. 

U.S. Environmental P r o t e c t i o n Agency. Pretreatment Standards: 
Wood-Preserving Segment of the Timber Products Processing 
Industry. Contractor's D r a f t Development Document. 1976. 

U.S. Environmental P r o t e c t i o n Agency: Environmental Health 
Advisory Committee Science Advisory Board. Report of the Ad 
Hoc Study Group on Pentachlorophenol Contaminants. EPA/SAB/ 
78/001. 1978. 

U.S. Environmental P r o t e c t i o n Agency. I n d u s t r i a l Environ
mental Research Laboratory. D i o x i n s . C i n c i n n a t i , Ohio. 
November 1980. 

6-6 



U.S. Environmental P r o t e c t i o n Agency. Creosote, Penta
chlorophenol, and Inorganic A r e s e n i c a l s ; D e cision to Post
pone E f f e c t i v e Dates of R e s t r i c t e d Use C l a s s i f i c a t i o n and 
Procedures to C e r t i f y P e s t i c i d e A p p l i c a t o r s . EPA Notice: 
OPP-41001; PH-FRL 2709-1. Federal R e g i s t e r . V o l . 49, 
No. 212. October 31, 1984. 

U.S. Environmental P r o t e c t i o n Agency. Creosote, Penta
chlorophenol, and Inorganic A r s e n a l s ; Intent to Cancel 
R e g i s t r a t i o n s of P e s t i c i d e Products Containing Creosote, 
Pentachlorophenol ( i n c l u d i n g i t s S a l t s ) and the Inorganic 
A r s e n i c a l s ; Determination Concluding the Rebuttable Presump
t i o n Against R e g i s t r a t i o n of the Wood Pr e s e r v a t i v e Uses of 
P e s t i c i d e Products; A v a i l a b i l i t y of P o s i t i o n Document. EPA 
Notice: PP-30000/28F; PH-FRL 2630-4. Federal R e g i s t e r . 
V o l . 49, No. 136. J u l y 13, 1984. 

U.S. Environmental P r o t e c t i o n Agency/Office of P e s t i c i d e s 
and Toxic Substances. Wood P r e s e r v a t i v e P e s t i c i d e s : Creosote/ 
Pentachlorophenol/Inorganic A r s e n i c a l s . P o s i t i o n Document 4. 
J u l y 1984. 

Vel a , G. and J . Rainey. M i c r o b i o l o g i c a l Degradation offPhenol 
i n the E f f l u e n t From a Wood Treatment P l a n t . Texas Journal 
of Science. V o l . 27, No. 1, March 1976. 

Verschuerer, K a r e l . Handbook of Environmental Data on 
Organic Chemicals. San F r a n c i s c o , C a l i f o r n i a : Van Nostrand 
Reinhold Company. 1977. 

W a l l i n , B., A. Condren, and R. Walden. Removal of Phenolic 
Compounds from Wood Preserving Wastewater. EPA-600/S2-81-043. 
A p r i l 1981. 

Watanabe, I . Pentachlorophenol-Decomposing and PCP-Tolerant 
B a c t e r i a i n F i e l d S o i l Treated with PCP. V o l . 9, pp. 99-103. 
Pergamon Press 1977, Great B r i t a i n . 

White, J.T., T.A. Bursztynsky, John D. Crane, and Richard H. 
Jones. T r e a t i n g Wood Preserving P l a n t Wastewater by Chemical 
and B i o l o g i c a l Methods. G a i n e s v i l l e , F l o r i d a : Environmental 
Science and Engineering, Inc. Prepared by Forest Products 
D i v i s i o n , Koppers Company, P i t t s b u r g h , Pennsylvania. 
September 1976. 

Wi l l i a m s , R.T. D e t o x i f i c a t i o n Mechanisms. 2nd Ed., John 
Wiley and Sons, Inc., New York, N.Y. 796 p. 1959. 

Wilson, J . , W. Dunlap, R. Crosby, and J . Chang. Adaption of 
Groundwater Microorganisms at a Creosote Waste Disposal S i t e . 
N.D. 

6-7 



Wilson, John T., W i l l i a m J . Dunlap, Roger L. Cosby, Jeng 
Chang Chang, and W i l l i a m C. Ghiorse. Adaptation of Ground-
Water Microorganisms at a Creosote Waste D i s p o s a l S i t e . 
Proceedings of the 186th N a t i o n a l Meeting of the American 
Chemical S o c i e t y , D i v i s i o n of Environmental Chemistry. 
V o l . 23, No. 2, Pp. 294-296. Washington, D.C: American 
Chemical S o c i e t y . 1983. 

Wukasch, R. L. Grady J r . , and E. K i r s c h . P r e d i c t i o n of the 
Fate of Organic Compounds i n B i o l o g i c a l Wastewater Treatment 
Systems. Water-1980: American I n s t i t u t e of Chemical Engi
neers Symposium S e r i e s . V o l . 77, No. 209, pp. 137-143. 
1981. 

Young, H.C, and J.C. C a r r o l l . The Decomposition of Penta
chlorophenol When A p p l i e d as a Residual Pre-emergence 
He r b i c i d e . Agron. J . 43:504-507. 1951. 

CVR33/051 

6-8-



APPENDIXA 
COST-BENEFIT ANALYSIS 

FOR WOOD PRESERVATIVES 



Appendix A 
COST-BENEFIT ANALYSIS FOR WOOD PRESERVATIVES 

Our nation's f o r e s t lands are a vast n a t u r a l resource that 
we depend on f o r d i v e r s i t y of wood products. The weight of 
round wood used i n the United States each year i s comparable 
to t h a t of a l l s t e e l , aluminum, P o r t l a n d cement, and p l a s t i c 
products combined (USDA). The length of time that wood pro
ducts can be used g r e a t l y i n f l u e n c e s our a b i l i t y to maintain 
adequate s u p p l i e s of f o r e s t land resources. The s e r v i c e 
l i f e of wood i s l i m i t e d due to atta c k by i n s e c t s , f u n g i , 
b a c t e r i a , and marine borers. 

Wood p r e s e r v a t i v e s are used e x t e n s i v e l y to g r e a t l y prolong 
the s e r v i c e l i f e of wood. Treated wood g e n e r a l l y has a ser
v i c e l i f e at l e a s t f i v e times longer than untreated wood. 
An estimated 44.5 m i l l i o n pounds of pentachlorophenol, 42 m i l 
l i o n pounds of in o r g a n i c a r s e n i c a l s , and 124 m i l l i o n g a l l o n s 
of creosote and coal t a r are used annually to t r e a t over 
327 m i l l i o n cubic feet (USDA). Ninety-nine percent of these 
p e s t i c i d e s are used as wood p r e s e r v a t i v e s . 

Penta was introduced as a wood p r e s e r v a t i v e i n the 1930's. 
Since penta i s a s o l i d at ambient temperatures and i s only 
s l i g h t l y s o l u b l e i n water, i t must be d i s s o l v e d i n petroleum 
sol v e n t s f o r use as a p r e s e r v a t i v e . The water s o l u b l e sodium 
s a l t of pentachlorophenol i s used to c o n t r o l sapstain f u n g i . 
Penta i s the major wood p r e s e r v a t i v e used f o r poles, c r o s s -
arms, fence posts, m i l l work, p a r t i c l e board, plywood, and 
sap s t a i n c o n t r o l i n green lumber and poles. 

There are three i n o r g a n i c a r s e n i c a l p r e s e r v a t i v e s : f l u o r 
chrome a r s e n i c phenol (FCAP patented i n 1918) , ammoniacal 
copper arsenate (ACA, patented i n 1939) , and three types of 
chrome copper arsenate (CCA Type A, patented i n 1938; CCA 
Type B, patented i n 1947; and CCA Type C, patented i n 1968). 
Inorganic a r s e n i c a l s are the major wood p r e s e r v a t i v e s used 
f o r lumber and timbers. 

Coal and wood t a r products have been used as wood preserva
t i v e s since B i b l i c a l times. The commercial use of creosote 
and c o a l t a r as wood p r e s e r v a t i v e s began i n 1838 i n England 
w i t h the development of a p r a c t i c a l p r e s s u r e - t r e a t i n g process. 
Creosote s o l u t i o n s are the major wood p r e s e r v a t i v e s used f o r 
c r o s s t i e s , switch t i e s , landscape t i e s , p i l i n g , and ground 
l i n e treatment of u t i l i t y poles i n s e r v i c e . 

LEGAL BACKGROUND FOR PESTICIDE REGISTRATION 

The Federal I n s e c t i c i d e , Fungicide, and Rodenticide Act 
(FIFRA) promulgated a s t a t u t o r y standard f o r r e g i s t r a t i o n of 
p e s t i c i d e s . This standard r e q u i r e s that there not be "any 
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unreasonable r i s k to man or the environment, t a k i n g i n t o 
account the economic, s o c i a l and environmental costs and 
b e n e f i t s of the use of any p e s t i c i d e " (EPA PD4). Under FIFRA, 
the A d m i n i s t r a t o r may cancel a p e s t i c i d e r e g i s t r a t i o n or 
modify the terms and c o n d i t i o n s of r e g i s t r a t i o n whenever i t 
i s determined t h a t the p e s t i c i d e does not meet t h i s s t a t 
utory standard. 

40 CFR 162.11 sets f o r t h the Rebuttable Presumptions Against 
R e g i s t r a t i o n (RPAR) process to i d e n t i f y p e s t i c i d e s that may 
not s a t i s f y the s t a t u t o r y r e g i s t r a t i o n standard. The EPA 
i n i t i a t e s the RPAR process by p u b l i s h i n g a n o t i c e i n the 
Federal R e g i s t e r s t a t i n g t h a t a p e s t i c i d e meets or exceeds 
r e g u l a t o r y r i s k c r i t e r i a . A f t e r the RPAR has been i s s u e d , 
r e g i s t r a n t s and others i n t e r e s t e d are " i n v i t e d to review the 
data upon which the presumption i s . based and to submit data 
and i n f o r m a t i o n to rebut the presumption by showing th a t the 
Agency's i n i t i a l determination of r i s k was i n e r r o r , or by 
showing th a t use of the p e s t i c i d e i s not l i k e l y to r e s u l t i n 
any s i g n i f i c a n t exposure to humans or the environment w i t h 
regard to the adverse e f f e c t s i n question." The respondents 
may a l s o submit data p e r t a i n i n g to the economic, s o c i a l , and 
environmental b e n e f i t s of using the p e s t i c i d e . 

Based on the a v a i l a b l e evidence on r i s k s and b e n e f i t s of 
using a p e s t i c i d e , EPA p u b l i s h e s a Notice of Determination 
s t a t i n g a f i n a l p o s i t i o n on the p e s t i c i d e r e g i s t r a t i o n . Any 
terms or c o n d i t i o n s of r e g i s t r a t i o n t h a t might reduce the 
r i s k s of use to s u f f i c i e n t l e v e l s where they are outweighed 
by the b e n e f i t s of use are s t a t e d . 

On October 18, 1978, EPA issued RPAR's on creosote, i n o r g a n i c 
a r s e n i c a l s , and pentachlorophenol. F o l l o w i n g the issuance 
of these RPARs, numerous o r g a n i z a t i o n s i n c l u d i n g the U.S. 
Department of A g r i c u l t u r e , the U.S. Environmental P r o t e c t i o n 
Agency, the State Land-Grant U n i v e r s i t i e s , and the American 
Wood Preservers I n s t i t u t e , made a comprehensive e f f o r t to 
compile a v a i l a b l e s c i e n t i f i c i n f o r m a t i o n and to provide a 
sound t e c h n i c a l e v a l u a t i o n of the b e n e f i t s and exposure r i s k s . 
A reknowned 20-member team from the USDA, EPA, and the s t a t e 
land-grant u n i v e r s i t i e s and over 40 a s s o c i a t e s , pooled t h e i r 
e x p e r t i s e i n a Cooperative Impact Assessment Report (November 
1980) of the b e n e f i t s / r i s k s of using wood p r e s e r v a t i v e s , 
i n c l u d i n g the exposure of workers and the p u b l i c . The f o l 
lowing s e c t i o n s b r i e f l y summarize the conclusions reached 
a f t e r an exhaustive review of the issues a s s o c i a t e d with the 
use of wood t r e a t i n g chemicals. (See the b i b l i o g r a p h y i n 
t h i s r e p o r t f o r a p a r t i a l l i s t of the hundreds of references 
consulted i n t h i s e valuation.) 
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SUMMARY OF EFFECTS OF CANCELLATION 

The c o n c l u s i o n of the exhaustive Cooperative Impact Assess
ment Report on wood p r e s e r v a t i v e s was tha t there are no 
p r a c t i c a l chemical a l t e r n a t i v e s f o r creosote, pentachloro
phenol and in o r g a n i c a r s e n i c a l s . I t was estimated that the 
c a n c e l l a t i o n of use of these p r e s e r v a t i v e s would cost $4.5 
to $6.3 b i l l i o n annually (1979 p r i c e s ) based on 86 percent 
of the pressure t r e a t e d products alone. This would be an 
increase of three to four times the annual t o t a l value of 
products c o n t a i n i n g wood p r e s e r v a t i v e s . This estimated 
annual cost increase of c a n c e l l a t i o n assumes that the supply 
of a l t e r n a t e chemicals or m a t e r i a l s i s s u f f i c i e n t to meet a 
demand s h i f t from t r e a t e d wood at e x i s t i n g p r i c e s of these 
a l t e r n a t e s . However, a l t e r n a t e m a t e r i a l shortages and p r i c e 
increases would l i k e l y r e s u l t . 

Other e f f e c t s not considered i n t h i s a n a l y s i s were: i n 
creases i n the amount of energy r e q u i r e d to produce s u b s t i 
t u t e products ( a l l of which are more energy-intensive than 
t r e a t e d wood), increased dependence on imports of non-wood 
raw m a t e r i a l s and energy, l o s t investment of e x i s t i n g i n s t a l 
l a t i o n and maintenance equipment, and c r o s s - s e c t i o n a l and 
r e g i o n a l employment s h i f t s . I f untreated wood only were 
s u b s t i t u t e d f o r t r e a t e d wood, an a d d i t i o n a l 19 b i l l i o n board 
f e e t of timber would be needed annually. 

SUMMARY OF EXPOSURE INFORMATION 

PENTACHLOROPHENOL 

Studies have shown th a t the primary t o x i c concern .in commer
c i a l pentachlorophenol i s due to i t s d i o x i n contaminants. 
S p e c i f i c a l l y , isomers of hexachlorodibenzo-p-dioxin (HxCDD) 
have been i d e n t i f i e d as the contaminants of most concern i n 
pentachlorophenol. HxCDD should not be confused with the 
much more t o x i c and notorious 2,3,7,8-tetrachlorodibenzo-p-
d i o x i n (TCDD). 

P h y s i c a l p r o p e r t i e s of HxCDD make i t of l e s s concern than 
pentachlorophenol as an environmental c o n s t i t u e n t . For ex
ample, one study concluded t h a t i n h a l a t i o n exposure to HxCDD 
would be n e g l i g i b l e i n comparison to pentachlorophenol due 
to i t s very low r e l a t i v e vapor pressure. Other studies have 
demonstrated that HxCDD binds very t i g h t l y to s o i l and by 
i t s e l f does not migrate i n the environment. 

Intake of pentachlorophenol through i n g e s t i o n or dermal ab
so r p t i o n f o r workers at commercial wood treatment f a c i l i t i e s 
can vary widely depending on s p e c i f i c operating procedures 
and personal hygiene p r a c t i c e s . Human exposure to penta and 
HxCDD at commercial wood treatment f a c i l i t i e s has been c a l 
c u l a t e d using measured u r i n e penta l e v e l s (USDA). These 
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r e s u l t s show t h a t c a l c u l a t e d s a f e t y f a c t o r s f o r l i f e t i m e 
o c c upational exposures to penta range from 25 to 1,526 and 
range from 1,078 to 65,789 f o r HxCDD (HxCDD i s more t o x i c 
but there i s f a r l e s s chance f o r exposure). 

The s a f e t y f a c t o r s are the amount by which the EPA-accepted 
n o - o b s e r v e d - e f f e c t - l e v e l (NOEL) f o r t e r a t o g e n i c / f e t o t o x i c 
e f f e c t s exceeds the c a l c u l a t e d exposure. The NOEL l i m i t s 
themselves a l s o c o n t a i n a d d i t i o n a l margins of s a f e t y . 

Penta and HxCDD exposure r a t e s at commercial f a c i l i t i e s were 
a l s o c a l c u l a t e d f o r i n h a l a t i o n using two d i f f e r e n t approaches: 
using reported a i r penta l e v e l s f o r wood treatment p l a n t s 
and using chemical vapor pressure data (USDA). Both ap
proaches gave r e s u l t s showing even greater s a f e t y f a c t o r s 
f o r both chemicals than were c a l c u l a t e d using the u r i n e penta 
l e v e l approach. 

The terms of r e g i s t r a t i o n f o r commercial use incl u d e t h a t : 
e f f e c t i v e i n 18 months the amount of HxCDD i n t e c h n i c a l 
pentachlorophenol w i l l be reduced to l e s s than o n e - f i f t e e n t h 
the curr e n t l e v e l allowed. This requirement w i l l even f u r 
ther increase the saf e t y margin f o r HxCDD exposure. 

INORGANIC ARSENICALS 

EPA and USDA st u d i e s show tha t there i s l i t t l e or no exposure 
of workers to a r s e n i c a l s i n ACA t r e a t i n g p l a n t s , l i k e 
McCormick & Baxter, where a l l a r s e n i c a l s are used i n c l o s e d 
systems. These s t u d i e s show t h a t arsenate rel e a s e d i n t o the 
environment i s an u n l i k e l y source of exposure due to the 
f o l l o w i n g : 

o Arsenate binds t i g h t l y to s o i l s and becomes un
a v a i l a b l e f o r p l a n t uptake or leachi n g . 

o A r s e n i c i n water i s sorbed by sediments and becomes 
u n a v a i l a b l e f o r p l a n t uptake or leachi n g . 

o Arsenate v a p o r i z a t i o n i s very low. A conservative 
estimate f o r the con c e n t r a t i o n of in o r g a n i c a r s e n i c 
i n the a i r at treatment p l a n t s was accepted by EPA 
to be 10 micrograms per cubic meter. This i s at 
the OSHA a i r q u a l i t y c r i t e r i a l i m i t . 

The m o b i l i t y of copper and chromium, other t o x i c metals found 
i n i n o r g a n i c a r s e n i c a l s , have been shown to be l i m i t e d i n 
the environment due to adsorption onto s o i l s . These metal 
l e v e l s should be compared w i t h background l e v e l s found i n 
s i t e s o i l s , r a t h e r than comparing them only to an absolute 
r e g u l a t o r y t o x i c i t y standard. Normal s o i l s can contain l e v e l s 
of metals that exceed these standards. Background metal 
l e v e l s i n normal s o i l s have been shown to vary from 2 ppm to 
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100 ppm f o r copper, from one ppm to 1,000 ppm f o r chromium> 
and from one ppm to 50 ppm f o r a r s e n i c . Average l e v e l s f o r 
these metals i n normal s o i l s have been shown to be 30 ppm, 
100 ppm, and 10 ppm, r e s p e c t i v e l y . 

CREOSOTE 

Creosote i s a composition of s e v e r a l p o l y c y c l i c aromatic 
hydrocarbons (PAH's) th a t vary i n t o x i c i t y and p h y s i c a l and 
chemical p r o p e r t i e s . Human intake of creosote through inges
t i o n or dermal absorption at commercial wood treatment f a c i l 
i t i e s can vary widely depending on operating procedures and 
personal hygiene p r a c t i c e s . 

An a i r - m o n i t o r i n g study was conducted i n 197 6 at Koppers 
wood t r e a t i n g f a c i l i t y by the N a t i o n a l I n s t i t u t e of Occupa
t i o n a l Safety and Health (NIOSH). Results from a s t a t i o n a r y 
sampling device showed t h a t there was 0.12 mg per cubic meter 
of p a r t i c u l a t e p o l y c y c l i c organic m a t e r i a l s (PPOM) i n a creo
sote wood t r e a t i n g area. This l e v e l i s below the Occupa
t i o n a l Safety and Health A d m i n i s t r a t i o n (OSHA) p e r m i s s i b l e 
l i m i t f o r PPOM of 0.2 mg per cubic meter. To date, there . 
are no d e f i n i t i v e data t h a t show concentrations of airborne 
creosote c o n s t i t u e n t vapors or p a r t i c u l a t e s that workers'may 
be exposed to i n a wood treatment p l a n t , and no d e f i n i t i v e 
data t h a t show t h a t the long-term hea l t h e f f e c t s of these 
c o n s t i t u e n t s would be unacceptable. 

AGENCY CONCLUSIONS 

In P o s i t i o n Document 2/3 (February 19, 1981), the EPA r e 
ceived and addressed comments that reponded to the RPAR 
No t i c e , P o s i t i o n Document 1 (PDl). In J u l y 1984, the EPA 
released i t s f i n a l P o s i t i o n Document 4 that concluded "there 
w i l l be no unreasonable adverse e f f e c t s posed to man or !.'the 
environment" f o r commercial uses of the three wood preserva
t i v e s , provided that the terms of r e g i s t r a t i o n described i n 
P o s i t i o n Document 4 (PD4) are followed. Several groups have 
i n d i c a t e d that the t o x i c o l o g i c a l data and methodology behind 
PD4's terms of r e g i s t r a t i o n are too conservative and have 
led to u n n e c e s s a r i l y s t r i n g e n t r e s t r i c t i o n s on use. EPA's 
PD4 has th e r e f o r e been suspended pending the outcome of 
c a n c e l l a t i o n hearings. 

The EPA p r e s c r i b e d a number of low-cost precautions (e.g., 
wearing gloves or other common p r o t e c t i v e c l o t h i n g , p r o h i b i t 
ing e a t i n g , d r i n k i n g , and smoking during a p p l i c a t i o n ) f o r . 
s p e c i f i c commercial wood-preserving operations as c o n d i t i o n s 
accompanying continiied r e g i s t r a t i o n . These precautions and 
other common sa f e t y procedures are considered s u f f i c i e n t 
p r o t e c t i o n f o r workers who are exposed to the p r e s e r v a t i v e s 
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on a d a i l y b a s i s . Use of the p r e s e r v a t i v e s was a l s o r e 
s t r i c t e d to r e g i s t e r e d users to prevent the p o s s i b l e r i s k to 
untrained persons. I n t e r i o r use was a l s o r e s t r i c t e d . 

The EPA p o s i t i o n on home and farm use of pentachlorophenol 
and creosote i s t h a t uses are to be r e s t r i c t e d to c e r t i f i e d 
a p p l i c a t o r s only. The agency r a t i o n a l e f o r these r e s t r i c 
t i o n s i s t h a t , even though adequate margins of s a f e t y are 
l i k e l y f o r a p p l i c a t o r s wearing gloves and f o l l o w i n g b a s i c 
hygiene g u i d e l i n e s , a "worst case a n a l y s i s " i n d i c a t e d t h a t 
untrained a p p l i c a t o r s might not wear gloves, could splash 
these wood p r e s e r v a t i v e s on t h e i r s k i n during a p p l i c a t i o n , 
might eat food d u r i n g a p p l i c a t i o n , or otherwise expose them
selves to unacceptable wood p r e s e r v a t i v e l e v e l s . These pos
s i b l e "worst case" c o n s i d e r a t i o n s l e d EPA t o conclude t h a t 
the r i s k s f o r over-the-counter use of creosote and penta
chlorophenol were unacceptablely high r e l a t i v e to the bene
f i t s of over-the-counter use. A s i m i l a r r e s t r i c t i o n on home 
and farm use of i n o r g a n i c a r s e n i c a l s was not necessary since 
t h i s p e s t i c i d e was not a v a i l a b l e over the counter. 

IMPLICATIONS FOR IMMEDIATE PUBLIC EXPOSURE 

The EPA c o n c l u s i o n t h a t "there w i l l be no unreasonable ad
verse e f f e c t s posed to man or the environment, provided t h a t 
the p e s t i c i d e r e g i s t r a t i o n terms are met," a p p l i e s to the 
highest p o s s i b l e exposure r i s k t a r g e t s — w o r k e r s at commercial 
wood-preserving operations. The exposure of any neighboring 
p u b l i c to wood-preserving c o n s t i t u e n t s from these f a c i l i t i e s 
w i l l i n t u i t i v e l y be orders of magnitude lower than f o r work
ers o n s i t e , due to d i l u t i o n e f f e c t s of being f u r t h e r removed 
from the c o n s t i t u e n t sources. Therefore, i t l o g i c a l l y f o l 
lows t h a t i f the exposure of workers to wood p r e s e r v a t i v e s 
i s reasonable, then any o f f s i t e exposure w i l l have even 
greater margins of s a f e t y . 

CVR32/039 
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APPENDIX B 
BORING LOGS 



WELL CONSTRUCTION DATA 

Date D r i l l e d 

Boring Diameter 

Boring Depth 

Casing Depth 

Casing Diameter 

Casing M a t e r i a l 

Perforated I n t e r v a l 

P e r f o r a t i o n Thickness 

F i l t e r Pack M a t e r i a l 

F i l t e r Pack I n t e r v a l 

Annular Seal Depth 

Annual Seal M a t e r i a l 

MW-A 
9/27/83 

7" 

29' 

27' 

2" 

Sch 40 PVC 

22'-27' 

0.02" 

1 mm sand 

22'-29' 

10 ' 

MW-B 
9/27/83 

7" 

29' 

23' 

2" 

Sch 40 PVC 

18 '-23' 

0.02" 

1 mm sand 

16'-29' 

16' 

MW-C 
9/27-28/83 

7" 

25' 

24' 

2" 

Sch 40 PVC 

19'-24' 

0.02" 

1 mm sand 

18'-25' 

4' 

MW-D 
9/28/83 

7" 

32' 

32' 

2" 

Sch 40 PVC 

27'-32' 

0.02" 

1 mm sand 

25'-32' 

15' 

Bentonite s l u r r y with 5 sacks cement per yard 

Source: Aqua Resources, Inc, 

CVR88/d.l 



MW-A SUMMARY BORING 

Depth Below S o i l 
Surface (ft) Lit h o l o g i c Description C l a s s i f i c a t i o n 

0 Brown medium sand; some SP 
1/4-inch gravel 

5 Brown medium sand; no gravel SP 

10 Brown medium sand; no gravel SP 

15 Brown medium sand; no gravel; SP 
moist at 18 feet 

20 Gray-black medium sand SP 

20.5 Gray-black sandy s i l t with 
some organics 

23 Black clayey s i l t on augers 

25 Gray-black medium sand; some SP 
lenses/streaks of brown medium 
sand and gray-black s i l t y fine 
sand; some organics 

Source: Aqua Resources, Inc. 

CVR88/d.2 



MW-B SUMMARY BORING 

Depth Below 
Surface (ft) 

10 

15 

Lit h o l o g i c Description 

Medium gray-black sand, earth 
odor 

Medium gray sand with gravel 
to 1/2 inch 

Gravelly medium brown sand 
with 1/4-inch gravel; earthy 
odor 

Gravelly black medium sand 

Brown medium sand; no gravel 

S o i l 
C l a s s i f i c a t i o n 

SP 

SP 

SP 

SP 

20 

25 

25 

Organics—bark and wood chips 

Organics—bark and wood 

Clayey s i l t with organics (bark 
and wood) 

PT 

PT 

OL 

Source: Aqua Resources, Inc. 

CVR88/d.3 



MW-C SUMMARY BORING 

Depth Below S o i l 
Surface (ft) Li t h o l o g i c Description C l a s s i f i c a t i o n 

0 Brown fine-medium sand SP 

5 Brown fine-medium sand SP 

10 Brown fine-medium sand, moist SP 

15 Brown and black, medium SP 
coarse sand; bottom 8 inches 
saturated (water) 

20 Medium sand, saturated SP 

Source: Aqua Resources, Inc, 

CVR88/d.4 



MW-D SUMMARY BORING 

Depth Below S o i l 
Surface (ft) Li t h o l o g i c Description C l a s s i f i c a t i o n 

0 SP 

5 Brown medium sand—dry SP 

10 Brown medium sand—-dry, very SP 
loose 

15 Brown, gray, and white medium SP 
sand—dry, very uniform 

18 Auger cuttings—medium sand SP 
with o i l y sheen, strong 
creosote odor 

20 Brown, gray, and white medium SP 
sand—moist, some creosote odor 

25 Brown, medium s a n d — o i l y sheen, SP 
strong creosote odor 

30 Medium sand—saturated with SP 
black o i l , strong creosote odor 

Source: Aqua Resources, Inc. 

CVR88/d.5 



STEE.L P/^OTEOTNE. C/\P 
WITH TA3 FOJS. R^LOCK 

tl'/z'-

&JZOUND 

C b - I N C H e ^ T E ^ U C A S / A / 0 ? 

5 — 

e-l NCH DJA/^ETEJS. 
ao/^^HOt-EL 

(CEJ^Ey^T &/S.OUT WITH 
BSNTONITEE) 

Z-INCH SCH.40 14'-
<E>ALVAA/IZ£.0 eTBBL. 
PIPE. 

/a — 

7//8/<34 3 T A 7 / C -

Z-JNCH JO/VA/SCA/ 
GiAL.VANIS>EJP LOW CARSON 

WIZAJ^PES^ WITH 
POCYPJ^OPYl-E,NE FILTER 

(MIfZAP/ lOO^) 

CBMTERING GUIDES 
(STBBL rAOCIfJG STl^P) 

I 

CASING ELEVATIONS (MSL) 
Top of 2" StMi = 37.58 K. 
Top of 6" Staol = 37.73 tl. 

^5 

V 

TAILRIPE- WITH 
PiCTTOM PLATB — 

58' 

40 — 

P 

V 

•.» 

?• 

WOOD CHIPS; ODO^ 
a 

Z' 

e>Ufi<.K. MEDIUM-
e>fZAJNBD SAJ\/D; 
OIU-CJDATEJD AJ\/D 
e>TJZONG ODOP^ 

BLAOC SILT; OIL 
AND ODOJ^ 

SLAOC MEDIUM -
(bRJ^NED 3AA/Z3; 
e>LIG>HT ODOS. 

•22' 

•25' 

, D^\JZJ^ (&^rSAA/£?; 
A/O ODOe. 

•37' 

f=ORMATI<DKl (3-INCH 
SiOf^HOLB ) 

46'-

FIGURE B-1 
j MW-E Record Drawing 
! McCormick & Baxter Creosoting Co. 

Portland, Oregon 
P17774.A0 

CH2M 
KHILL 



ST££L PROTECTIVE CAP 
WITH JA& FOR. PADLOCK-

(bRDUND-

CP-//^H STEEL CASING 

e-lNCH D/AMETEIS. 
30e£J-iOLE. 

SUZFAOE. SEAL 
CCBMENT &ea/T 

\NITH BENTONUE) 

Z'INCH eCH. I' 
GALVANIZED eTEEL 
PIPE 

l(.'lz-

eAND P/^CiC 
(MDNTEJ^Ey eAND 

" i C ) 

7/ZI/84 S T A T I C = Z3fe 

Z-INCH JOHNeON 
eALVANIZ.E.D LOV^ 
CARBON STEEL WEJJL 
SCREEN, WRAPPED 
WITH POLYP/^OPYLENE 
FILTEJS- FA3PIC 
(MIRAFI lOO^^ 

•••» 

C E N T E ^ N G G U I D E S 
( S T E E L PAUCINCb %&% — 

S T R A P ) 3*?'— 

TAILPIPE WITH eOTlOM 
PLATE 

CASING ELEVATIONS (MSL) 
Top of 2" StMl = 33.15 ft. 
Top of 6" SiMl = 33.43 ft. 

3R.OWN MEDIUM-G^RA/AIBD 
SAAJP- NO ODOR 

23'/2 

&RO\MN TO DARK (bRAY 
MEDIUM-GRAINED SAND; 
SLI<bH7 ODOR 

DARK. SPA^ MEDIUM • 
&IZAINED SAND WITH 
SlLT'jNO ODOR. 

33' 

FIGURE B-2 
MW-F Record Drawlna 
McCormick & Baxter Creosoting Co. 
Portland, Oregon 

P17774.A0 

CH2M 
KHILL 



STEE,L PRCTTECTIVE CAP 
WITH TAB FOR PADLOCK 

i-l 

GROUND 

(2>-/NCH STEEL CA&ING-

&-/NCH D/AMETER. 
eoREHOLE 

SURFP4LE SEAL 
iCEMBNT &ROUT 
WITH &ENTONITE) 

iZ'/z-
Z-/NCH SCH. ^ 
(bAUVANIZED 
STE.E.L PIPE. -

n'l:-
e?AND PACK 
( M O N T E R . E Y e A N D 

W C " ) 

7/24/64 STATIC = 25'4— 

Z'/NCH JOHNSON 
CbALS/ANlZED LO\N 
CAR.BON STEEL. \NEJ-L 
SCRBE.N WRAPPED 
WITH POLYPROPYLE^JE 
FILTER. FABRIC : 
(MIRAFI 70O^) 

3 7 / . -
CENTERJNG (bUIDBS 
CSTEEL PACKING st^q'l'— 
'bTRAP) ^^'^ 

TAILPIPE. WITH BOTTOM 
PLATE 

1 

1 

I 
0 • 

I 
I 

V 

CASING ELEVATIONS (MSL) 
Top of 2" StMl = 34.30 ft. 
Top of 6" StMl = 34.43 fl. 

3R0V^N MEDIUM-GRAINED 
SAA/^y A/0 ODOR. 

IIJ 

DARK GRA^ MEDIUM-
GRAINED SAJKID- OIL-
S)OAKED AND STRONG 
ODOR 

DARK. GRAY SILT AND 
SAND] VERY SLIGHT 
ODOR. 

FIGURE B-3 
MW-G Record Drawing 
McCormick & Baxter Creosoting Co. 
Portland, Oregon 

P17774.A0 

CH2M 
KHILL 



STEEJ- PROTECTIVE CAP 
WTTH TA3 FOR PADUXJC-

GROUND 

G-JNCH STEBU 
CASING, 

e>-/NCH D/AJ^EETER. 
e>OREHOLE. 

S U R F A C E S E A L . 
( C E M E N T G R O U T 
WITH B E J ^ O N I T E ) ^ ' — 

Z-INCH SCH. 40 
GALVANIZED /3' — 
^TEEL. PIPE. 

7//(?/64 STATlC=n'/z — 

SAND PACK 
(MONTEJZE.Y SAND 

''IC") 

Z-INCH JOHNSON 
GALVANlZEO LOVU 
CARBON <=»T££^ WELL 
SCRJEEN, WRAPPED 
WITH POLYPROPYLENE 
FILTEJL FASRIC 
CMIRAFI 700^) 

33' — 
CENTERING GUIDES 
( S T E E , L P A C K J N G 35 ' r— 

S T R j A p ) 3 5 Z ^ -

9-

dt 

tf 

CASING ELEVATIONS (MSL) 
Top of 2" StMl = 33.96 It. 
Top of 8" Steel = 34.01 ft. 

e>LACKMlBD SANO; ODOR 
O 

I'/Z' 

EiROI^KJ MBDIUhA-GRAINEO 
SAND; KIO ODOR. 

WOOD PULfW/TH 3/LTY 
SMJD; /=AIRLY STRONG, 
ODOR (DBCOMPOS/T/OKI ?) 

zz' 

B>LUB. -G/^Y Si/L T 

32 ' 

TAILPIPE. WITH &OTTOM 
PLATE 

P17774.A0 

FIGURE B-4 
MW-H Record Drawing 
McCormick & Baxter Creosoting Co. 
Portland, Oregon 

CH2M 
KHILL 



STEEL PROTECTIVE CAP 
WITH TAB f=OR PADLOCK CASING ELEVATIONS (MSL) 

Top of 2" Steel = 32.73 n. 
Top of 6" Steel = 32.80 tt. 

GROUND 

GrlNCH STE^EL. 
CAe>ING? 

Q ' / N C H D / A N I E T E R . 
B O R E h i O L E . — 

SURFACE. <e>EAl, 
{ C E M B M T G R J O U T 

W I T H B E J ^ T O N I T B . ) — i 
Z-INCH SCH.40 
GALVANIZED 
STEEL. PIPE. /2> 

SAND PACK 
CMONTEJZ.E.Y SAND 

"IC") 

7////64 STATIC= IV 

Z-INCH JOHNSON 
GAJLVANIZED UDV^ 

CAR-BON STEJEL. 

WElJL SCREEN 
(20SLOT) 

3 3 ' — 
CENTERJNG GUIDES 
(STEEU PACKING 35'-

^RJ^P) 

TAIUP/PE. WITH 
BOTTOM PLATE 

'/4' - -fl— 

1 I $ 

• • • 
• e 

DARK G>eAr MEDIUMS-
GRAIN EO SAND; OIL-
COATED AND STRONG 
ODOR 

BRDV^N WOOD PULP; 
STRONG ODOR 

•-iU 

BLACK WOOD AND 
SAND; STRONG ODOR 

-Zl' 

BLUE -GREEN SILT/F/NE 

3AND; NO ODOR. 

WOOD PULP-j ODOR. 

&LUE -GREEN SILT/ 
FINE SAND; NO ODOR. 

32 

34 ' 

P17774.A0 

FIGURE B-5 
MW-I Record Drawing 
McCormick & Baxter Creosoting Co. 
Portland, Oregon 

CH2M 
KHILL 



e>TELEL PROTECTIVE CAP 
WITH TAB /=OR. PADLOCK-

GROUND 

G-/NCH STE^El-
CASING 

e-l NCH D/AMEEFER. 
BORJEJ-tOUE. 

SURFACE. SEAL 
[CEJ-^EJJT GROUT 
V^ITH BENTONTTE^ 

Z-INCH SCH. 4C? 
GALVA/^IZEJD 
STE^L, P/PE. — 

CASING ELEVATIONS (MSL) 
Top of 2" Steel = 34.43 ft. 
Top of 6" Steel = 34.59 ft. 

SAND PACK 
tMONTBR.E,Y SAND 

''IC") 
7/6/a4 STATIC = ll'/r-

Z-INCH JOHNSON 
(bALVANIZBD LOW 
CARBON STEEL 
WELL. SCREENj 
WEAPPED V^ITH 
POLYPROPYLENE 
FILTER FABRIC 
(MIRAFI lOO^") 

33 
CENTERING (bUIDES 
( S T E E L . P A C K I N G 3 5 ' 

STRAP) 

— o 

TAILP/PE 
PLATE — 

WITH BOTTOM 

BROWN MEDIUM SAND 
WITH SOME PEA GRAVEL; 
ODOR, BUT DECREASES 
WITH DEPTH 

BROWN MEDIUM SAND 
WITH TRACE OF PEA 
GRAVEL. AND SILT; 
ND ODOR 

DARK GRAiY MEDIUM 
SAND; NO ODOR. 

FIGURE B-6 
MW-J Record Drawlna 
McCormick & Baxter Creosoting Co. 
Portiand, Oregon 

P17774.A0 

CH2M 
KHILL 



STELEL PROTECTIVE, CAP 
WITH TAB FOR PADLOCK^, 

(SROUNO 

G-/NCH STEEL 
CASING 

e-lNCH D/AMET&R 
BORJEHOLE. 

SURFACE 
(CEW1ENT GROUT 

WITH BENTONITE) , 
to — 

Z-JNCH SCH. 40 
GALVANIZ£.D STEEL 
P/PE. ie>'lz-
SAAJD PACK. 
(MONTERE:Y SAND 

''IC") 

7/15/34 STATIC^ZO— 

Z-INCH JOHNSDU 
GALVANIZ.ED LOW 
CARBON STEEL WELL. 
SCREEAJ. WRAPPED 
WITH POUYPROPYLBNE 
FILTER. FABRIC 
(MIRAFI TOO^) 

3 3 / , -
CENTER.ING GUIDES-
(STEEJ- PACKING j^^Vj-

STRAP) 
3 7 ' -

TAILPIPE WITH BOTTVNi 
PLATE. 

w 

m. 

\& 

m 

m 

CASING ELEVATIONS (MSL) 
Top of 2" Steel = 35.51 ft. 
Top of 6" Steel = 35.88 II. 

O 

PARK BROWN-GRAY 
MEDIUM SANID WITH 
SOME PEA GRAVEC; 
ODOR. 

a' 

BROW/Y MEDIUM SAND 
WITH SOME SILT; 
NO ODOR 

GRAY MEDIUM SAND 
WITH SOMESIUT; 
NO ODOR 

Z3' 

P17774.A0 

FIGURE B-7 
MW-K Record Drawing 
McCormick & Baxter creosoting Co. 
Portland, Oregon 

CH2M 
KHILL 



^TSEL PROTECT/I^E: CAP 

GROUNO 

CASING ELEVATIONS (MSL) 
Top of 2" Steel = 34.43 Ft 
Top of 6" Steel = 34.61 Ft 

(b-/NCy-/ STEEC 
CAS//<Jc^ 

S ' / N C / - / O / A M E T E / ^ 

S>O/^E:HOLE. 

SURP/ACE SEAL 

CCEA/IE/NT GROUT 

W/TT-f &ENTO/^/TE)-^'_ 

2-/NCA/ ^CH 40 
Gy^LV^AZ/ZED <5TEEL 
P/PE~^^____^ /o> f/e/-

SANO PACK 
(MONTERE'r^ SAND"/C")-

/o/5js4 ^TAr/C-27'-

2-//\/CH UOH/YSON 
<bALl/AN/Z:EO COIV 
CARJSOA/ ^EEL H^ELL 
^CREELAI^ yi^RAPPEa 
W/TH POCypROPYLENE 

CA^//^/=-/ VC?O JT) 

Z-fNCH ,5CH <^0 
C^ALi^AI/:ZLED STEEU 
P/PE— 4/^>yz — 

<olo'/z 
CE/\/TER//YO <3U//D^S 
C^T^EL PACK//\/(B G8 — 
STRAP) 

TAILP/PE LA//TH 
BOTTOM PLATE 

> 0 

V 

» 0 

S/^iVNI A^EDIUM 
SAND 

JZ' 

BROI^Nl /IIEID/UM 
SANO H//T7-/ ^OME 
FE^A <G/^A\AE^L. 

20 

BROIA//^ 
5A/<JO 

A1ED/UM 

30 
BROWN TO GRAY 
PINE SAND 1/1/JTH 
^OME ^/LT , 
GRAY MEDIU/IA TO 
P/NE SA/^D W/TH 
^OME 1//000 0/^OAA//CS 
AND SOA^B 5/LT 

GRAY MEOJUA^ 
TO P/A/E 
VV/T/-/ ^O/V^E S/LT 

G& 

FIGURE B-8 
MW-L Record Drawing 
McCormick & Baxter Creosoting Co. 
Portland, Oregon 

CH2M 
KHILL 



STEEL PROTECT/l/E CAP 
WITH TAB FOR PADLOCK-

GROU/^a 

^-/NCH STEEL CAS/NCh 

Q-/NCH O/AMETBR 
30RE/-/0LE 

SURFACE SEAL 
(CEMENIT ^ROUT Pl^/TH 
BE/<JTONJTE) 

2-JNCN SCH. '^O ~ 
CSAL\/ANI/ZED STEEU 
P / P E : 

S A N D PACK ., 

(A^ONTEREY SANO "fC'J-

/0/9/8i STA TIC = 27'M 

Z-INCH t/OHNSON 
CSJAL/A/^/ZED LOl// 
CARe>0/^ STEEL WELL 
SCREENy lA/fZAPPED 
\A//TH /^LYPROPYLENE 
PJLTEJ^ PA&R/C 
f/i^/PAP/ TOOX) 

CE/NTER//Y<3 (SU/DE5 
(STEEL PACKIN<3 STRAP) 

TA/LP/PE W/T/H 
BOTTO/I/ PLATE 

COLLAR SEID NATU/ZAL 
PORMAT/0/<J 
(BORBHOL£) ^ (ol' 

GRAY /MEDIUM-
P/NE SAND 
TO OPAY ^ILT, 
NO O/L J AJO ODO/R 

# 
V 

CASING ELEVATIONS (MSL) 
Top of 2" StMl = 35.08 
Top of 6" StMl = 35.34 

O 

BROWN /VIEP/UM 
SAND, NO ODOR, 
NO O/L 

BRO/I/N P/NE-
A4ED/U/yi SAND, ODOR 
O/L COATED, ^/TH 
SOME PEA 
GiRAl/EL 30' 

G R A Y A7A/£ : -
M E D / U M S A N D , 
S O M E O / L , 
STRON/CB O D O R ^^1 
G R A Y S I L T T O G R A 9 
M E D I U M - P / / V E S A N D , 
S O M E IMOOD P U L P y 
S T R O N C i O D O R , O I L 
C O A T E D S A N D , 
GRAY SILT TO 
(SRAY MED/UM P/NE 
SAND, IV/Th/ SO/y)E 
V/OO/? PULP, A/O O/L 
ODOR 4S' 

GRAY A1ED/UM 
/=7A/E SAND NO 
O/L, NO ODOR 

FIGURE B-9 
MW-M Record Drawing 
McCormick & Baxter Creosoting Co. 
Portland, Oregon 

CH2M 
KHILL 



WATER AT 2.Z'/e. 

-O 

(o 

BROWAJ MEDIUM- P/NE SAND, 
NO ODOR, NO O/L 

-19 

-Zl 

OR AY T/iaOIU/Vi -P^/NE SANO 

CGPAY EDIUM - P/NE: SAND, 
SL/<=,/-IT ODOR, /JO OIL 

CBPAY WIEDIUM ' P'/AJE' ^ANID UV/TH 
TRACE PEA <GRAYEL, ODCOR, 
30/yiE OIL 

•34 

BROWN WOOD, ODOR, NO O/L 

-33 

44' 

PEA ORAYELy P/NE SA/^O, 
Cb/^Y ^ILT/ CLAY, SOM^ O/L, 
ODOR 

GR^Y S/LT/CLAY, GRAY MED/UM 
SAND, ODOR, NO O/L 

54 

<B/^Y <5/LT/C/.AYJ ODOR, SO//IE O/L 

59 

C9F^Y MIELP/U/^ SAND, Cy/^AV 
S/LT, /VO 0/L,/\/0 ODOR 

•/aO>' 

FIGUREiB-10 
Borehole 1 
McCormick & Baxter Creosoting Co. 
Portland, Oregon 

CH2M 
KHILL 



WATER AT 2JO' 

/4 

ZO' 

B R O W N M E D / U A / I S A N D W / T H 

TRACE: OP CJ/^YEL, NO O/L, 
, NO ODOR 

G/ZAY /^EP/U/IA SAND, STPONO 
ODOR, SOME O/L 

O/ZAV A4ED/UWI SAND, /VOOO, 
STRONO ODO/^, SOME <0/L 

35' 

GJ/RAY AIEDP/UWI SAN/D. ooo/^, 
NO O/L 

4<h 

47^2, 

GRAY S/LT, SL/CzHT ODOf^, 
,NO O/L 

4QI/2. 

GiRAY WOOD ^ULP, ^L/CH/T ODOR. 
NO O/L 

GyRAV^ SANIO/ S/LT/CLAY, 
SL/GJP-IT ODO/^y NO a/L 

5<i,'/z 

FIGURE B-11 
Borehole 2 
McCormick & Baxter Creosoting Co. 
Portland, Oregon 

CH2M 
KHILL 



WATE/R. AT £e'/Z 

O 

BROWN MEDIUM!-p-/NE SAND, 
NO O/L , NO ODER 

30'-

SI'/£ 

BROWN TO CSP AY MEDIUM -
P^/NE SAND, SLIGHT ODOR, 
NO OIL 

GRAY MEDlU//i -P/NE SAN/D, 
STPON<G ODOR, OIL 

3(ol/z 
CS/RAY-B>ROWN MED/UM SAND, 
TO O/^Y S/LTY CLAY, ODOP, 
O/L SOAK'ED 

4/'/z 

ca/RAY MED/U/I/ - P/NE SA/^P, 
NO OaOAR,/\IO O/L 

Sl'/2. 

FIGURE B-12 
Borehole 3 
McCormick & Baxter Creosoting Co. 
Portland, Oregon 

CH2M 
KHILL 



(0.5'-

WATE:R ATes'^z 

BROWN / / l E D / U / / - P^/NB SAND^, 
NO ODOR, NO O/L 

GRAy^ MEDlU/iA -/=-/NE SAND^, 
NO ODOR, NO O/L 

£ 5 ' 

GF^AY MEDIU// -/=^/NE: S/^ND, 
NO OIL, SLIGHT ODOR 

30' 

G/^Y A1EDIUM -/=^/NEr S/^ND, 
NO O/L, NO ODOR 

35' 

G/^AY /YIED/U/Yl - /='/NE: SAND, 
W / T / H SO//E S/LT, NO O/L 
NO ODOR 

4^1/2 

FIGURE B-13 
Borehole 4 
McCormick & Baxter Creosoting Co. CH2M 
Portland, Oregon SSHILL 



APPENDIX C 
LABORATORY RESULTS 



SOIL QUALITY (Sheet 1) 
In mg/kg unless specified otherwise 

Sample 
Point 

Depth 
(feet) Co££er Chromium Arsenic 

O i l and 
Grease PAH's Pentachlorophenol 

MW-A 0 
5 
10 
15 
20 
25 

24 
15.3 
15.8 
16.2 
23.1 
13.5 

16 

14.3 
14.1 
13.8 
17.9 
10.3 

<6 
6 
12 
8 
13 
<4 

<0.1* 
<0.1* 
0.1* 
<0.1* 
<0.1* 
<0.1* 

BMDL 
BMDL 
BMDL 
BMDL 
BMDL 
BMDL 

BMDL 
BMDL 
BMDL 
BMDL 
BMDL 
BMDL 

MW-B 5 
10 
15 
20 
25 

14.5 
15.8 
15.9 
1.5 
12.6 

11.0 
12.6 
13.8 
1.9 
13.2 

8 
12 
11 
<4 
7 

<0.1* 
<0.1* 
<0.1* 
<0.1* 
<0.1* 

BMDL 
BMDL 
BMDL 
BMDL 
BMDL 

BMDL 
BMDL 
BMDL 
BMDL 
BMDL 

MW-C 5 
10 
15 

14.8 
14.8 
13.6 

13.3 
12.4 
9.8 

5 
10 
7 

<0.1* 
<0.1* 
<0.1* 

BMDL 
BMDL 
BMDL 

1.4 
0.3 
0.5 

W-D 5 
10 
15 
20 
25 
30 

18.8 
15.0 
15.6 
16.8 
14.7 
17.2 

14.0 
12.6 
13.2 
13.8 
16.6 
29.4 

16 
10 
7 
10 
5 
<4 

<0.1* 
<0.1* 
<0.1* 
<0.1* 
0.26* 
2.04* 

BMDL 
BMDL 
BMDL 
BMDL 
90 
250 

0.6 
BMDL 
BMDL 
BMDL 
2,400 
10,000 

Source: Aqua Resources, Inc. 
Notes: The data indicates absolute levels of individual constituents at specific onsite locations. 

Exposure calculations are required to estimate potential o f f s i t e levels. 
< means none detected, se n s i t i v i t y as indicated. 
BMDL means below minimum detection l i m i t . 
PAH detection l i m i t 1 mg/kg. 
Pentachlorophenol detection l i m i t 0.1 rag/kg. 
A l l results are based on dry s o i l weight. 
* Units in percent 
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SOIL QUALITY (Sheet 2) 
in mg/kg unless specified otherwise 

Sample 
Point 

MW-E 

MW-F 

MW-G 

MW-H 

Depth 

(feet) 

Moisture 

(%) Copper Chromium Arsenic 
O i l and 
Grease PAH's Pentachlorophenol 

0-5 NA _ _ _ _ _ _ 

5-10 — 7.56 27.7 31.5 7.01 21,000 NA 280 

10-15 NA -- -- — -- — -- --

15-20 NA -- — -- -- -- -- — 

20-25 NA 
25-30 NA — ~ -- -- -- — --

30-35 NA -- -- ~ ~ ~ -- — 

35-40 — 17.8 13.4 8.44 10.3 86 NA 0.740 

40-45 -- 17.3 19.0 12.2 13.9 145 NA 0.081 

45-46 NA — — — — — -- — 

2-5 NA — — — — — — — 

5-10 NA — -- — -- -- — --

10-15 NA ~ ~ ~ — — ~ ~ 

15-20 -- 12.1 16.3 11.2 1.54 204 NA 0.027 

20-25 NA -- -- -- ~ -- — — 

25-30 NA ~ -- — -- — — — 

30-35 -- 21.8 15.1 10.7 8.91 436 NA 0.068 

35-39 — 27.4 9.23 7.18 7.18 95 BMDL <0.1^ 

2-5 NA — — — — — — 

5-10 NA -- ~ — — ~ -- ~ 

10-15 -- 6.69 13.5 9.03 3.24 296 NA 0.188 
15-20 -- 19.4 17.8 36.0 3.27 17,400 NA 258 
20-25 NA -- — — — -- -- — 
25-30 NA ~ -- -- -- — — — 
30-35 NA -- — — -- ~ — — 

35-38 NA — — ~ — -- ~ — 
38-39.5 — 25.3 16.7 12.8 2.11 438 NA 0.306 

0-5 NA — — — -- — — — 

5-10 — 7.29 14.1 10.3 16.9 445 NA 0.091 
10-15 NA -- -- -- ~ -- ~ — 

15-20 NA -- — ~ -- — — --

20-25 -- 49.5 19.5 14.9 14.5 10,000 NA 0.666 
25-30 NA — ~ — ~ — — --

30-35 —— 31.65 15.5 16.1 10.6 99^ BMDL <0.1^ 

CH2M HILL 
The data indicates absolute levels of individual constituents at specific onsite locations. 

Source: 
Notes: 

Exposure calculations are required to estimate potential offsite levels. 
< means none detected, sensitivity as indicated. 
NA means not analyzed, sample in storage. 
BMDL means below minimum detection limit. 
Creosote detection limit 5 mg/kg. 
Pentachlorophenol detection limit 0.1 mg/kg. 

a 
Results are based on wet soil weight; a l l other results are based on dry soil weight. 
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Sample 
Point 

MW-I 

MW-J 

MW-K 

Depth 
(feet) 

0-5 NA 
5-10 — 

10-15 NA 
15-20 NA 

20-25 NA 

25-30 NA 
30-35 --

35-40 — 

40-41.5 NA 

0-5 NA 
5-10 — 

10-15 NA 

15-20 — 

20-25 NA 
25-30 NA 
30-35 — 

0-5 NA 

5-10 --

10-15 NA 

15-20 --

20-25 NA 
25-30 — 
30-35 NA 

35-38.5 NA 

SOIL QUALITY (Sheet 3) 
in mg/kg unless specified otherwise 

Moisture O i l and 
(%) Copper Chromium Arsenic Grease 

14.9 14.6 9.26 4.49 5,840 

30.8 
33.7 

11.0 

18.0 

19.8 

9.3 

15.1 

14.9 

30.5 
29.9 

16.1 

13.9 

7.96 

12.9 

16.3 

11.3 

25.0 
21-3 

5.55 

9.68 

11.7 

4.47 

19.8 
1.97 

12.0 26.6 

9.86 27.9 

5.38 

2.99 

1.74 

4.03 

1,600 
1,700 

1,150 

1,040 

i n ^ 

383 

909 

6 > 

PAH's Pentachlorophenol 

NA 

NA 
NA 

NA 

NA 

BMDL 

NA 

NA 

BMDL 

MW-L 10-11.5 7.47 9.38 5.86 2.27 a 
536 

BMDL 
25-26.5 22.07 8.51 6.30 8.57 3. 

477 
BMDL 

30-31.5 18.40 8.21 6.16 6.39 3. 
412 

a 
249 

BMDL 
65-66.5 23.82 10.5 7.40 9.12 

3. 
412 

a 
249 BMDL 

1.49 

0.095 
0.143 

1,330 

298 

0.20^ 

0.426 

0.523 

,a 
<0.1 

<0.1 
<0.1^ 
0.37 

<0.l" 

Source: CH2M HILL 

Notes: The data indicates absolute levels of individual constituents parameters at specific onsite 
locations. Exposure calculations are required to estimate potential o f f s i t e levels. 
< means none detected, s e n s i t i v i t y as indicated. 
NA means not analyzed, sample in storage. 
BMDL means below minimum detection l i m i t . 
Creosote detection l i m i t 5 mg/kg. 
Pentachlorophenol detection l i m i t 0.1 mg/kg. 

a 
Results are based on wet s o i l weight; a l l other results are based on dry s o i l weight. 
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SOIL QUALITY (Sheet 4) 

in mg/kg unless specified otherwise 

Sample 
Point 

MW-M 

BH-1 

BH-2 

BH-3 

Depth 

(feet) 

Moisture 

(%) Copper Chromium Arsenic 
O i l and 
Grease PAH's Pentachlorophenol 

10-11.5 4.72 7.75 5.33 4.97 
a 

222 BMDL 
a 

<0.1 
25-26.5 -- 24.12 8.04 5.94 7.02 308^ BMDL <0.163 

30-31.5 — 20.06 8.17 6.32 6.32 276^ BMDL 1.30 

35-36.5 23.48 8.92 5.85 9.27 2,460^ 613 136 
40-41.5 — 22.31 12.8 8.34 9.59 146^ BMDL 0.98 

65-66.5 — 23.87 11.2 7.34 7.10 393^ BMDL <0.1* 

4-5.5 NA — — — — — — — 

9-10.5 ~ 8.12 10.1 7.30 1.13 208^ BMDL <0.1* 

14-15.5 NA -- — — — — — — 

19-20.5 NA -- ~ ~ — ~ — 

24-25.5 -- 13.76 9.55 0.568 0.334 720* 2,740 7.07 

29-30.5 NA — — — ~ — — ~ 

39-41.5 NA — ~ -- ~ — — 

49-50.5 — 18.05 9.52 8.29 0.467 7,930* 6,132 0.31 

54-55.5 NA — — — -- — — ~ 

59-60.5 ~ 20.78 8.85 5.99 2.56 60* BMDL <0.1 

5-6.5 NA — — — — -- ~ ~ 

10-11.5 ~ 7.32 9.34 6.05 3.47 96* BMDL <0.1* 

15-16.5 — 20.61 8.36 5.68 0.368 224* 1,198 80.4 

20-21.5 NA — — — — -- — --

25-26.5 ~ 26.17 7.11 4.14 0.990 1,680* 576 27.6 
30-31.5 NA -- -- ~ -- ~ — ~ 

40-41.5 NA ~ — — ~ — --

55-56.5 — 32.17 21.7 15.3 4.19 164* BMDL <0.1* 

25-26.5 — 16.93 7.84 5.13 0.416 
a 

440 BMDL 
a 

<0.1 
35-36.5 ~ 29.17 6.73 4.73 6.94 2,490* 6,722 1.162 
40-41.5 -- 15.28 10.9 8.75 9.04 7,520* 2,354 0.121 

Source: CH2M HILL 

Notes: The data indicates absolute levels of individual constituents at specific onsite locations. 
Exposure calculations are required to estimate potential o f f s i t e levels. 
< means none detected, s e n s i t i v i t y as indicated. 
NA means not analyzed, sample in storage. 
BMDL means below minimum detection l i m i t . 
Creosote detection l i m i t 5 mg/kg. 
Pentachlorophenol detection l i m i t 0.1 mg/kg. 

a 
Results are based on wet s o i l weight; a l l other results are based on dry s o i l weight. 
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CH2M 
H LL 
engineers 
planners 
economists 
scientists 

Environmental Laboratory 

Date: February 16, 198 4 

Pro j e c t No.: P17774.A0 

Subject: A n a l y s i s of s i x l i q u i d and four s o i l samples from 
McCormick & Baxter, Portland, Oregon. The samples 
were received and assigned reference Nos. 1924-1933 

Parameter 
as mg/L 

Arsenic, As 

Chromium, 
t o t a l as Cr 

Conductivity 

Copper, Cu 

Nitrogen forms, as N 
Ammonia 
Nitrate 

O i l s Grease 

pH 

T o t a l D i s s o l v e d 
S o l i d s 

P e n t a c h l o r o p h e n o l , 
y g / m l 

Sample D e s c r i p t i o n s 

L i q u i d Samples 
#1 

0 .023 

0 . 2 1 

370 

0 . 4 4 

0 . 0 4 
2 . 1 6 

1 

6 . 9 

249 

<0.2 

#2 

0 .066 

0 . 0 6 

760 

0 . 1 0 

0 . 1 0 
0 .119 

<1 

6 . 8 

609 

<0.2 

11 
0 .033 

0 . 0 5 

260 

0 .09 

<0.02 
0 .420 

4 

7 .5 

315 

<0.2 

#4 

0 .450 

6 .94 

620 

1.30 

<0.02 
<0.05 

6890 

6 . 8 

512 

2 5 . 4 

#5 

<0.005 

<0.05 

340 

0 . 0 3 

<0.02 
2 .60 

<1 

7 .6 

307 

<0.2 

#6 

1.12 

0 .62 

148 

2 .97 

<0.02 
0 .560 

121 

6 .6 

381 

1.9 

1. MW-A, 1 - 1 7 - 8 4 , 1125 , MBR, KWS 
2 . MW-B, 1 - 1 8 - 8 4 , 0856 , MBR 
3 . MW-C, 1 - 1 7 - 8 4 , 1345 , MBR, KWS 
4 . MW-D, 1 - 1 7 - 8 4 , 1500 , MBR 
5 . P r o c e s s W e l l #1, 1 -17 -84 , 1040 , MBR 
6 . S t o r m Water O u t f a l l , 1 - 1 7 - 8 4 , 1410 , MBR 

< I n d i c a t e s " l e s s t h a n . " 

A l l t e s t s are performed i n accordance w i th current Env i ron 
mental P r o t e c t i o n Agency g u i d e l i n e s as publ i shed i n the Federa l 
R e g i s t e r . 

The inform.ation shown on t h i s sheet i s t e s t data only and no 
i n t e r p r e t a t i o n i s intended or i m p l i e d . 

Samples w i l l be r e t a ined 30 days unless_Qtherwise requested. 

Reported byk 

sm/CVLAB/054-1 
Randi J . Gant 

Corvallis Regional Off ice 
2300 N.W. Walnut Blvd., P.O. Box 428, Corvall is, Oregon 97339 503/752-4271 



Engineers 
Planners 
Economists 
Scientists 

Environmental Laboratory 

Date: September 19, 1984 

Pro j e c t No.: P17774.A0 

Subject: A n a l y s i s of ten water samples from McCormick & 
Baxter. The samples were received August 17, 1984, 
and assigned re fe rence Nos. 4320-4329. 

Pentachloro- Total 
Parameter Arsenic, Chromium, Cr Conductivity Copper, phenols, Dissolved 
as mg/L As Total U mbos/cm Cu EM ppb Solids TOC 

MW-A 0.073 0.082 610 0.17 6.3 0.9 492 32.0 
MW-C 0.023 0.040 250 <0.02 7.1 1.6 340 24.5 
MW-D 0.077 1.93 640 0.42 6.6 110,000 592 265 
MW-E 0.041 0.079 470 0.05 6.5 259 506 32.2 
MW-F 0.017 0.006 470 <0.02 6.4 1,369 418 10.8 
MW-G 0.062 1.01 500 0.18 6.5 24,200 444 592 
MW-H <0.005 0.011 740 <0.02 6.2 6.5 548 79.5 
MW-I 0.069 0.172 670 0.14 6.3 91,700 614 169 
MW-J 0.020 0.012 1130 0.04 6.4 9,008 960 16.2 
MW-K 0.017 0.008 450 <0.02 6.7 88.5 450 7.10 

TOC: T o t a l Organic Carbon 
< Indicates " l e s s than" 

A l l t e s t s are performed i n accordance with current Environ
mental P r o t e c t i o n Agency g u i d e l i n e s as published i n the Federal 
Register. 

The information shown on t h i s sheet i s t e s t data only and no 
i n t e r p r e t a t i o n i s intended or impl i e d . 

Samples w i l l be retained 30 days unless otherwise requested. 

/ 
Reported by:... '•-̂V, , 

Randi J . Gant 

dmk/CVLAB/050-4 

CH2M HILL INC. Coivallis Office 2300 N.W. Walnut BM. , P.O. Box 428, Coivallis, Oregon 97339 503.752.4271 



Environmental Laboratory 

Engineers December 7, 1984 

Planners • a. -r^-in-i-iA 
P r o j e c t : P17774.A0 

Economists Page 1 of 2 
Scientists 

Subject: A n a l y s i s of water samples from McCormick and Baxter. 
The samples were received September 26 & 27, 1984 and 
assigned reference nos. 5150-5159. 

Parameter 

as mg/L MW-A MW-C MW-D MW-E MW-F 

pH 6 . 6 7 . 3 7.0 6.7 6.6 

Cond u c t i v i t y 
micromhos/cm 600 420 43 79 610 

T o t a l Dissolved 

S o l i d s 426 370 552 388 334 

Ar s e n i c , As 0.030 0.033 0.078 0.310 0.087 

Chromium, T o t a l Cr 0.040 0.020 3.45 0.45 <0.005 

Copper, Cu , 0.04 0.03 0.33 0.42 <0.02 
Tot a l Organic 

Carbon 31.8 21.3 58.7 56.4 23.0 

Pentachlorophenol <0.01 <0.01 19.1 2.66 1.37 

CH2M HILL. INC. Corvallis Office 2300 N.W. Walnut Blvd.. P.O. Box 428. Corvallis, Oregon 97339 503752.4271 



OfMHIU. 

Engineers 
Planners 
Economists 
Scientists 

Environmental Laboratory 

Date: December 7, 1984 

P r o j e c t : P17774.A0 
Page 2 of 2 

Parameter 
as mg/L 

pH 

Conduct i v i t y 
micromhos/cm 

T o t a l Dissolved 
S o l i d s 

MW-G 

7.0 

46 

488 

0.240 Ar s e n i c , As 

Chromium, T o t a l Cr 9.77 

Copper, Cu 0.2 9 

T o t a l Organic 
Carbon ^J>3=?<^ 

Pentachlorophenol 83 9 

MW-H 

6.4 

725 

464 

0.010 

0 .020 

0.02 

27.7 

0.01 

MW-I 

6.5 

MW-J 

5.5 

13.8 1,460 

572 

0.041 

0.032 

<0.02 

47.2 

116 

948 

0.024 

0.016 

<0.02 

13.6 

1.49 

MW-K 

7.1 

620 

392 

0 .026 

0.009 

<0.02 

19.6 

<0.01 

< Indicates " l e s s than" 

A l l t e s t s are performed i n accordance with current Environ
mental P r o t e c t i o n Agency g u i d e l i n e s as published i n the Federal 
Register. 

The information shown on t h i s sheet i s t e s t data only and no 
i n t e r p r e t a t i o n i s intended or im p l i e d . 

Samples w i l l be retained 30 days unless otherwise requested 

Reported by 

lkg/CVLAB/12 7 

CH2M HILL. INC. Coivallis Office 2300 N.W. Walnut BM., P.O. Box 428, Corvallis, Oregon 97339 ,503 752.4271 
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Appendix D 
DEGRADATION OF WOOD TREATMENT WASTES 

A larg e data base i s a v a i l a b l e on the b i o l o g i c a l and chemical 
breakdown of creosote and pentachlorophenol i n s o i l and i n 
water. The major emphasis of t h i s appendix i s the d e s c r i p 
t i o n of the chemical and b i o l o g i c a l processes i n s o i l which 
lead to decomposition of these chemicals, as w e l l as the 
nondecomposition processes such as v o l a t i l i z a t i o n and 
adsorptio n . 

Technical grade pentachlorophenol used f o r treatment of wood 
t y p i c a l l y contains 85 to 90 percent pentachlorophenol. The 
remaining m a t e r i a l s i n t e c h n i c a l grade pentachlorophenol are 
2,3,4,6-tetrachlorophenol (4 to 8 per c e n t ) , c h l o r i n a t e d 
phenoxyphenols (2 to 6 p e r c e n t ) , and d i o x i n s (l e s s than 
0.1 p e r c e n t ) . There are a r e l a t i v e l y large number of d i f 
f e r e n t c h l o r i n a t e d phenoxyphenols i n t e c h n i c a l grade 
pentachlorophenol. 

The d i o x i n which makes up over 90 percent of t h i s f r a c t i o n 
i s o c t a c h l o r o d i b e n z o - p - d i o x i n (OCDD). There are al s o t races 
of the hepta and hexa isomers. None of the most t o x i c 
2,3,7,8-tetrachlorodibenzo-p-dioxin isomer has been found i n 
pentachlorophenol produced i n the United States. 

Creosote i s an even more complex mixture of chemicals pro
duced from c o a l by d e s t r u c t i v e d i s t i l l a t i o n . The major com
ponents are polynuclear aromatic hydrocarbons (PAH's). The 
concentr a t i o n of some of the major components found i n 
creosote are shown i n Table D-1. 

Table D-1 
MAJOR COMPONENTS OF CREOSOTE (1) 

Creosote Component % Whole Creosote 

Naphthalene 17.0 
2-Methylnaphthalene 6.5 
1-Methylnaphthalene 3.5 
Biphenyl 1.9 
Acenaphthylene 0.5 
Acenaphthene 7.8 
Dibenzofuran 5.2 
Fluorene 6.0 
Phenanthrene 19.4 
Anthracene 2.52 
Carbazole 5.1 
Fluoranthene 11.8 
Pyrene 8.4 
1,2-Benzathracene/Chrysene 4.2 

D-1 



DEGRADATION IN SOIL 

In gen e r a l , when wood-treating chemicals are put on s o i l 
s e v e r a l processes can occur. The sample can undergo adsorp
t i o n , v o l a t i l i z a t i o n , or decomposition i n the s o i l . The 
r e l a t i v e occurrence of each of these processes depends on 
many f a c t o r s , i n c l u d i n g the p h y s i c a l and chemical p r o p e r t i e s 
of the chemical, the p h y s i c a l and chemical p r o p e r t i e s of the 
s o i l , and other environmental i n f l u e n c e s . Most s o i l s already 
c o n t a i n an i n i t i a l supply of micro-organisms which can seed 
the biodegradation of organic c o n s t i t u e n t s . 

ADSORPTION 

H i l t o n and Yuen (1963) compared s o i l adsorption of penta to 
the s o i l adsorption of a number of s u b s t i t u t e d urea h e r b i c i d e s . 
They found t h a t the adsorption of penta was the highest of 
a l l compounds st u d i e d . Excessive l e v e l s of a p p l i c a t i o n pro
vided l i t t l e improvement. This observation i s c o n s i s t e n t 
with steep slopes of the adsorption isotherms found f o r penta. 

Choi and Aomine (1972, 1974, 1974a) studied i n t e r a c t i o n of 
penta and s o i l i n d e t a i l . Adsorption and/or p r e c i p i t a t i o n 
of penta occurred to some extent on a l l s o i l s t e s t e d . Choi 
and Aomine (1974) concluded i n a study of 13 s o i l s t h a t 
adsorption of penta p r i m a r i l y depended on the pH of the sys
tem. The more a c i d the s o i l , the more complete was the 
"apparent ad s o r p t i o n " of penta. D i f f e r e n t mechanisms of 
adsorption dominate at d i f f e r e n t pH values. In a c i d c l a y s 
"apparent ad s o r p t i o n " i n v o l v e d the adsorption on c o l l o i d s , 
and p r e c i p i t a t i o n i n the m i c e l l e and i n the e x t e r n a l l i q u i d 
phase. Organic matter content of s o i l s i s important to 
adsorption, of penta at a l l pH v a l u e s . Humus c o n t a i n i n g s o i l 
always adsorbs more penta than s o i l t r e a t e d w i t h i^2^2 ^° 
remove organic matter. Later i n v e s t i g a t i o n s l e d to the con
c l u s i o n s t h a t adsorption of penta by humus i s important when 
the c o n c e n t r a t i o n i s low, but at higher concentrations the 
i n o r g a n i c f r a c t i o n increases i n importance. 

Three of four a l l o p h a n i c s o i l s showed a s i g n i f i c a n t increase 
i n penta adsorption at higher temperatures, while the f o u r t h 
s o i l showed a decrease (Choi and Aomine, 1974a). The d i f 
ference between the three s o i l s and the f o u r t h s o i l could be 
explained by assuming t h a t andosols c h i e f l y adsorb penta as 
anions, whereas the major f a c t o r i n f l u e n c i n g penta adsorption 
by the f o u r t h s o i l , showing a decrease with i n c r e a s i n g tem
perature, i s a Van der Walls f o r c e . Decreasing the concen
t r a t i o n of c h l o r i d e s or s u l f a t e ions a l s o increases the 
adsorption of penta to s o i l . These r e s u l t s i n d i c a t e the 
occurrence of competition between i n o r g a n i c anions and penta 
anions f o r adsorption s i t e s on the s o i l c o l l o i d . 

D-2 



The p e r s i s t e n c e of penta i n s o i l depends on a number of en
vironmental f a c t o r s . Young and C a r r o l l (1951) noted that 
penta degradation was optimum when the moisture content of 
s o i l was near s a t u r a t i o n . Kuwatsuka and I g a r a s h i (1975) 
reported t h a t the degradation of penta i s f a s t e r under 
flooded c o n d i t i o n s than under upland c o n d i t i o n s . L o u s t a l o t 
and F e r r e r (1950) found t h a t penta was r e l a t i v e l y s t a b l e i n 
a i r - d r i e d s o i l s , p e r s i s t e d f o r 2 months i n s o i l of medium 
moisture content, and f o r one month i n water-saturated s o i l . 

S o i l composition has a great e f f e c t on the p e r s i s t e n c e of 
penta. I t p e r s i s t e d longer i n heavy c l a y than i n sandy or 
sandy c l a y s o i l s ( L oustalot and F e r r e r , 1950). An extensive 
study of the s o i l v a r i a b l e s a f f e c t i n g the r a t e of degradation 
of 100 ppm penta was c a r r i e d out by Kuwatsuka and Igarashi 
(1975). The r a t e was c o r r e l a t e d w i t h c l a y mineral composi
t i o n , f r e e i r o n content, phosphate adsorption c o e f f i c i e n t s , 
and c a t i o n exchange c a p a c i t y of the s o i l , while the greatest 
e f f e c t was the c o r r e l a t i o n w i t h organic matter. L i t t l e or 
no c o r r e l a t i o n could be found with s o i l t e x t u r e , c l a y content, 
degree of base s a t u r a t i o n , s o i l pH, and a v a i l a b l e phosphorus. 

DECOMPOSITION 

Three major types of decomposition r e a c t i o n s occur i n s o i l - -
photochemical, chemical, and m i c r o b i o l o g i c a l . The photo
chemical process i s i n i t i a t e d by u l t r a v i o l e t r a d i a t i o n from 
s u n l i g h t . Both pentachlorophenol and creosote are degraded 
by s u n l i g h t and due to lack of l i g h t p enetration i n s o i l , 
t h i s r e a c t i o n i s more important i n water contaminated with 
these m a t e r i a l s than i n s o i l . The photodegradation of OCDD 
was reported as being r a p i d i n the presence of o i l and sun
l i g h t , without the formation of TCDD (Arsenault 1976) . 

Chemical decomposition i n s o i l , such as a i r o x i d a t i o n of 
h y d r o l y s i s of weak bonds, i s not an important r e a c t i o n with 
penta and creosote since they do not have any groups that 
are e a s i l y o x i d i z e d or hydrolyzed. 

BIOLOGICAL DECOMPOSITION 

With both creosote and pentachlorophenol, the major process 
o c c u r r i n g i n s o i l i s m i c r o b i o l o g i c a l decomposition and there 
have been a la r g e number of st u d i e s on the breakdown i n s o i l . 

Penta decays more r a p i d l y when the ambient temperature ap
proaches the optimum value f o r m i c r o b i o l o g i c a l a c t i v i t y (Young 
and C a r r o l l , 1951). Ide et a l . (1972) found no decay i n 
s t e r i l i z e d s o i l samples. The p o s i t i v e c o r r e l a t i o n between 
organic matter content of s o i l and penta degradation also 
suggests t h a t microorganisms play an important r o l e (Kuwatsuka 
and Igarashe, 1975; and Young and C a r r o l l , 1951). Kuwatsuka 
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and I g a r a s h i (1975) s t u d i e d degradation of penta i n s o i l s 
c o l l e c t e d from flooded and upland areas. Upland s o i l s de
graded penta more r a p i d l y i n the l a b o r a t o r y when studied i n 
the aerated c o n d i t i o n , w h i l e s o i l s obtained from f l o o d con
d i t i o n s degraded penta more r a p i d l y when t e s t e d i n the 
flooded stage. Thus, penta degrading microorganisms present 
i n the s o i l s u r v i v e d the t r a n s f e r to the l a b o r a t o r y and were 
most a c t i v e when placed i n an environment to which they were 
adapted. 

A summary of the l i t e r a t u r e values f o r the p e r s i s t e n c e of 
penta i n s o i l i s present i n Table D-2. The time r e q u i r e d 
f o r 90- to 100-percent decomposition ranged between 21 days 
and 5 years. The 5-year value obtained by H e t r i c k (1952) 
was from dry s o i l sealed i n a j a r and probably does not rep
resent a r e a l i s t i c e v a l u a t i o n of the environmental h a l f - l i f e . 
Thus, penta can be considered to be degradable under most 
c o n d i t i o n s , and to have a h a l f - l i f e of w e l l l e s s than 9 months 
i n low and moderate concentrations i n s o i l . 

Numerous degradation routes have been i s o l a t e d f o r penta-
t r e a t e d s o i l by Ide (1972), Kuwatsuka (1975), and W i l l i a m s 
(1959). The route can be summarized as a r e v e r s i b l e methyla
t i o n r e a c t i o n to form p e n t a c h l o r o a n i s o l e . The main route 
f o r decomposition i s through d e c h l o r i n a t i o n leading to a 
s e r i e s of p a r t i a l d e c h l o r i n a t e d products, such as 2,3,5,6-
t e t r a c h l o r o p h e n o l , which then undergo an o x i d a t i o n step to 
form hydroquinones or c a t e c h o l s , which then undergo r i n g 
cleavage, u l t i m a t e l y forming methane, CO-, and i n o r g a n i c 
c h l o r i d e i o n . 

Recently,^^urthy et a l . (1977) examined the degradation of 
l a b e l l e d C penta i n both aerobic and anaerobic moist s o i l . 
Losses by v o l a t i l i z a t i o i ^ ^ a c c o u n t e d f o r only 0.5 percent of 
the penta added and no CO- was detected.. Gas chromato
graphic a n a l y s i s of the s o i l e x t r a c t showed the presence of 
the methyl ether of penta (0.7 p e r c e n t ) . P r o g r e s s i v e l y l e s s 
c h l o r i n a t e d phenols such as 2,3,5,6- and 2,3,4,5-tetra-
chlorophenols and 2,3,5-trichlorophenol were i d e n t i f i e d as 
degradation products f o l l o w i n g methylation. T o t a l C r e 
coveries were about 95 percent. S i m i l a r r e s u l t s were ob
tained i n aerobic s o i l s w i t h regard to product formation. 
However, the p r i n c i p a l product was the methyl ether of penta 
or p e n t a c h l o r o a n i s o l e . The r e a c t i o n s i n v o l v e d i n the degra
dati o n of these compounds are r e d u c t i v e i n anaerobic s o i l s 
and both r e d u c t i v e and o x i d a t i v e i n aerobic s o i l s . Comple
t i o n of the penta decomposition process r e q u i r e s an o x i d a t i o n 
step, and t h e r e f o r e i s favored i n aerobic s o i l s . 
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T a b l e D - 2 
D E C O M P O S I T I O N OF PENTA I N S O I L 

Degradation 
Parameter So^l Type Special Conditions Time Reference 

90% degradation Arable layer in 
rice fields (11 
soils) 

60% water 
25% water 

Approx. 50 days Kuwatsuka and 
Approx. 30 days Igarashi, 1975 

Forest red-yellow 
soi l sublayer 

60% water 
250% water 

No degradation 
in 50 days 

90% degradation Wooster s i l t loam 7.5 kg/ha penta, Approx. 22 days Young and 
optimum condi
tions for micro
bial growth 

Carroll, 1951 

Complete Dry so i l in sealed 
jar 

>5 years Hetrick, 1952 

Effect on 
growth of 
com and 
cucumbers 

Fertile sandy loam Air-dried 
Medium water 
Water saturated 

>2 months 
2 months 
1 month 

Loustalot and 
Ferrer, 1950 

90% degradation Mature paddy s o i l Low organic 
content 

1 month Ide et a l . , 1972 

Complete 
degradation 

Dunkirk s i l t loam Aerated, aqueous 
soi l suspension 

Approx. 72 days Alexander and 
Aleem, .1961 

Complete 
degradation 

Paddy so i l Soil perfusion 21 days Watanabe, 1973 

Warm, moist so i l >12 months Bevenue and 
Beckman, 1967 

98% degradation Permeable so i l Composted with 
sludge from wood-
treating plant 

205 days Arsenault, 1976 
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Chu and K i r s c h (1972) i s o l a t e d a b a c t e r i a l c u l t u r e by con
tinuous flow enrichment t h a t was capable of met a b o l i z i n g 
penta as a sol e source of organic carbon. K i r s c h and E t z e l 
(1973) der i v e d a m i c r o b i a l p o p u l a t i o n capable of r a p i d penta 
degradation from a s o i l sample obtained on the grounds of a 
wood products manufacturer. When f u l l y acclimated, the popu
l a t i o n s were dosed w i t h 100 m g / l i t e r penta and 68 percent of 
the penta was degraded i n 24 hours. The c u l t u r e s were most 
e f f e c t i v e when the penta was the sole source of carbon. 

Watanabe (1973) reported penta degradation i n s o i l samples 
subjected to 40 m g / l i t e r penta. B a c t e r i a i s o l a t e s capable 
of penta decomposition were deri v e d from a s o i l p e r f u s i o n 
enrichment c u l t u r e . Degradation and complete d e c h l o r i n a t i o n 
occurred a f t e r 2 to 3 weeks of i n c u b a t i o n . The bacterium 
were c h a r a c t e r i z e d as Pseudomonas sp. A s p e r g i l l u s sp. and 
Trichoderma ( C s e r j e s i , 1973) were a l s o i d e n t i f i e d i n the 
formation of pe n t a c h l o r o a n i s o l e by methylation. A s o i l 
bacterium i s o l a t e d by Suzuki and Nose (1971) was capable of 
degrading penta. The major metabolite was pe n t a c h l o r o a n i s o l e 
and dimethyl ether; a minor metabolite was t e t r a c h l o r o -
hydroquinone. 

I t i s c l e a r that b a c t e r i a and fu n g i capable of degrading 
penta e x i s t i n the environment. In most cases where r a p i d 
degradation of penta by microorganisms has been demonstrated, 
the source of inoculum was from areas where penta had been 
used f o r a long time, such as around telephone poles or at 
wood t r e a t i n g p l a n t s . 

Regardless of where the s o i l i s obtained, the s o i l b a c t e r i a l 
p opulation capable of degrading pentachlorophenol can be 
increased by a c c l i m a t i n g the s o i l to e v e r - i n c r e a s i n g amounts 
of pentachlorophenol. McGinnis (1984) c o l l e c t e d samples of 
s o i l from around pentachlorophenol-treated telephone poles; 
pentachlorophenol was added d a i l y and the r a t e of degradation 
was determined. The i n i t i a l h a l f - l i f e of pentachlorophenol, 
or the time f o r h a l f the pentachlorophenol to disappear, was 
approximately 6 days. A f t e r one year, the h a l f - l i f e had 
decreased to 21 hours. As the b a c t e r i a l p o p u l a t i o n increased, 
l a r g e r amounts of pentachlorophenol were added without harm
f u l e f f e c t s . I n i t i a l l y , approximately one mg of pentachloro
phenol was added to 40 g of s o i l each day. At the co n c l u s i o n 
of the experiment (9 months), 90 mg of pentachlorophenol was 
being added to the s o i l every t h i r d day. The products were 
mainly methane, CO2, and in o r g a n i c c h l o r i d e i o n . The only 
organic compound found i n t r a c e q u a n t i t i e s was an isomer of 
te t r a c h l o r o p h e n o l . C u r r e n t l y , the M i s s i s s i p p i Forest Products 
Laboratory i s working on determining the rat e s of breakdown 
of some of the minor components found i n t e c h n i c a l grade 
pentachlorophenol, i n c l u d i n g OCDD and the c h l o r i n a t e d 
phenoxyphenols. 
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There has been l e s s work on the s o i l degradation of creosote 
as compared to pentachlorophenol. However, the major route 
of degradation of creosote i n s o i l i s a l s o m i c r o b i o l o g i c a l 
degradation. Although PAH's found i n creosote are s u s c e p t i b l e 
to photochemical degradation, t h i s r e a c t i o n can only occur 
at the surface of the s o i l where s u n l i g h t can i n t e r a c t with 
the PAH's. The m i c r o b i o l o g i c a l degradation i n s o i l i s mainly 
an aerobic process. 

Dust and Thompson (1973) monitored t o t a l phenol content of 
water c o l l e c t e d at various s o i l depths f o l l o w i n g i r r i g a t i o n 
of land w i t h untreated creosote wastewater a p p l i e d at the 
ra t e of 3,500 gallons/acre/day. Removal of phenols equaled 
or exceeded 99 percent at a l l s o i l depths w i t h i n the range 
of one to 4 f e e t . Seasonal v a r i a t i o n s i n removal e f f i c i e n c i e s 
were n e g l i g i b l e . S i m i l a r r e s u l t s have been reported by F i s h e r 
(1971). S a t i s f a c t o r y removal of phenols from creosote waste
water has a l s o been achieved by t r i c k l i n g f i l t e r s and 
a c t i v a t e d - s l u d g e u n i t s (EPA, 1976). 

Lee, e t a l . (197 8) found t h a t the concentration of seven 
polynuclear aromatic h y d r o c a r b o n s — i n c l u d i n g naphthalene, 
anthracene, fluoranthene, benz(a)anthracene, and 
b e n z o ( a ) p y r e n e — r e s u l t i n g from a c o n t r o l l e d o i l s p i l l de
creased e x p o n e n t i a l l y from 74.4 to <0.2 m i c r o g r a m / l i t e r a f t e r 
10 days. The value decreased f u r t h e r to below the l e v e l of 
d e t e c t i o n by the 17th day. The higher molecular weight com
pounds, p a r t i c u l a r l y benzo(a)-pyrene and benzo(a)anthracene, 
were s u s c e p t i b l e to photooxidation, with up to h a l f of the 
former chemical being photooxidized. The remainder appar
e n t l y became incorporated i n bottom sediments. M i c r o b i a l 
degradation of the naphthalene occurred at the r a t e of 
5 percent per day. 

Losses of l i q u i d creosote from wood i n t e r r e s t r i a l s e r v i c e 
are g e n e r a l l y regarded to have no adverse e f f e c t s on the 
environment. Creosote l o s t by exudation apparently does not 
migrate more than a few inches i n t o the s o i l and i s r a p i d l y 
biodegraded. Indeed, i n a study conducted at M i s s i s s i p p i 
State U n i v e r s i t y (1975) on the movement of p r e s e r v a t i v e s 
r a d i a l l y and v e r t i c a l l y from t r e a t e d poles, none of the major 
components of creosote was ever i s o l a t e d from s o i l samples 
c o l l e c t e d to a depth of 6 inches w i t h i n the range of 2 to 
24 inches from the pole. I t was assumed that those compo
nents which entered the s o i l during the 5-year du r a t i o n of 
the study were o x i d i z e d by s o i l microorganisms. 

A study by Dust and Thompson (1973), while not p r o v i d i n g 
d e f i n i t i v e data on PAH reductions achieved by s o i l i r r i g a t i o n 
or creosote wastewater, showed a very high removal e f f i c i e n c y 
f o r phenols and other organic c o n s t i t u e n t s . P e r c o l a t i o n of 
wastewater through s o i l r e s u l t s i n a reduction i n chemical 
oxygen demand (COD) of 94.9, 95.3, and 97.4 percent f o r 
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depths of 1, 2, and 4 f e e t . Comparable reductions f o r t o t a l 
phenols were, i n order, 98.9, 99.2, and 99.6 percent. Com
parable reductions f o r t o t a l phenols were, i n order, 98.9, 
99.2, and 99.6. Removal e f f i c i e n c y was only m i l d l y a f f e c t e d 
by seasonal changes. 

Recent work shows that the rat e of the m i c r o b i o l o g i c a l reac
t i o n i s r e l a t e d to the number of fused r i n g s (Table D-3) i n 
a molecule. The r e l a t i v e r a t e constant f o r m i c r o b i o l o g i c a l 
decomposition g e n e r a l l y decreases by a f a c t o r of 6-10 f o r 
each a d d i t i o n a l fused r i n g . I t has been proposed that the 
rate d i f f e r e n c e s are r e l a t e d to the decreasing water s o l u b i l 
i t y of the l a r g e r PAH's. 

Another important f a c t o r i s the source of the s o i l . S o i l 
that has been exposed to PAH's f o r long periods of time has 
a much higher r a t e of m i c r o b i a l a c t i v i t y toward PAH's 
(Table D-4). This i s apparently due to the higher concen
t r a t i o n i n these types of s o i l s of b a c t e r i a that are capable 
of u t i l i z i n g PAH's as a source of carbon. The e f f e c t of 
using acclimated s o i l f o r the degradation of PAH's i s i l l u s 
t r a t e d i n Table D-5. This study was done using s o i l from 
around a 20-year-old, c r e o s o t e - t r e a t e d telephone pole. These 
values represent the amount of the o r i g i n a l PAH's remaining 
a f t e r 25 days; f o r example, with naphthalene, over 96 percent 
had disappeared. These r e s u l t s a l s o i n d i c a t e that the r a t e 
of breakdown i s slower f o r the higher-molecular-weight PAH's. 

DEGRADATION IN WATER 

The same removal processes p r e v i o u s l y discussed f o r s o i l 
a l s o apply to water. The b a s i c processes which the chemicals 
could undergo are ads o r p t i o n , v o l a t i l i z a t i o n , or decomposi
t i o n , w i t h the r e l a t i v e r o l e of each process dependent on 
other c o n s t i t u e n t s i n the water and on environmental i n f l u 
ences. In f a c t , biodegradation has been i d e n t i f i e d as the 
p r i n c i p a l removal process, w i t h the same microorganisms 
i d e n t i f i e d as being r e s p o n s i b l e f o r biodegradation i n water 
as i n s o i l . This i s an i n t u i t i v e observation since s o i l 
degradation p r i m a r i l y occurs i n the s o i l pore water. 

V o l a t i l i z a t i o n and the adsorption of penta onto b i o l o g i c a l 
s o l i d s and v o l a t i l i z a t i o n were found to be n e g l i g i b l e i n 
both aerobic (Moos 1983) and anaerobic (Wukasch 1981 and 
Guthrie 1984) penta degradation processes. Penta removals 
of over 99 percent were observed i n both processes, w i t h 
biodegradation i d e n t i f i e d as the primary removal mechanism 
with minimal biomass absorption. 

Researchers have been able to i s o l a t e b a c t e r i o l o g i c a l s t r a i n s 
and to s u s t a i n r a p i d growth i n a pure penta substrate under 
la b o r a t o r y c o n d i t i o n s . Chu (1972) i d e n t i f i e d a gram-variable 
b a c i l l u s designated as KC-3 as being able to reduce penta to 
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T a b l e D-3 
RATE OF MICROBIAL DEGRADATION OF PAH's 

Compound 

Naphthalene 
Anthracene 
Benz(a)anthracene 
Benz(a)pyrene 

No. o f 
Rings 

2 
3 
4 
5 

M i c r o b i a l Degradat ion 
Rate Constant 

(hr"^) 

0 .23 
0 . 3 5 
0 . 0 0 5 

<0.0005 

T a b l e D - 4 
RATES OF M I C R O B I A L TRANSFORMATION OF P A H ' S 

I N SEDIMENT AT 2 0 ° C 

Naphthalene 
Anthracene 
Benz (a)anthracene 
Benz(a)pyrene 

No. of 
Rings 

2 
3 
4 
5 

-Half-Life (hr) • 
High PAH 
Level 

3 
20 
100 

1,300 

Moderate 
PAH Level 

5 
280 

7,000 
>20,000 

Low 
PAH^ L e v e l 

>2,000 
2,800 

>2d,000 
>20,000 

C o l l e c t e d 0.5 km below coke e f f l u e n t d i scha rge , 

""collected 0.2 km below petroleum s torage depot. 

' C o l l e c t e d f rom uncontaminated f o r e s t s t ream. 

T a b l e D - 5 e 
PERCE N T OF EACH CREOSOTE COMPONENT R E M A I N I N G A F T E R 25 DAYS 

Compound 

Naphthalene 
2-MethYlnaphthalene 
1-Methylnaphthalene 
Biphenyl 
Acenaphthylene 
Acenaphthene 
Dibenzofuran 
Fluorene 
Phenanthrene 
Anthracene 
Carbazole 
Fluoranthene 
Pyrene 
1,2-Benzanthracene 
Chrysene 

Residual 
(% of original) 

3.8 
28 
30 
46 
66 
47 
56 
58 
57 

26 
77 
80 
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carbon d i o x i d e and c h l o r i d e . F i n n (1983) developed a chemstat 
c u l t u r e of Arthrobacter ATCC. 33790 i n water c o n t a i n i n g 130 
to 300 ppm penta, which was shown to be a very e f f e c t i v e 
seed f o r a c c l i m a t i n g s o i l and water. C s e r j e s i (1972) iden
t i f i e d T. virgatum, f i v e Trichoderma speci e s , and a P e n i c i l -
lium as organisms capable of PCP degradation to very low 
conc e n t r a t i o n s . A l l of these demonstrations of micro
organisms able to use PCP as a sole carbon source prove the 
b i o d e g r a d a b i l i t y of PCP. 

These microorganisms already e x i s t i n tra c e amounts i n the 
n a t u r a l environment, i n a Darwinian balance with m i l l i o n s of 
other spe c i e s . To encourage the growth of those micro
organisms capable of degrading wood-treating chemicals r e 
qui r e s that they be provided w i t h s u i t a b l e environmental 
c o n d i t i o n s and go through a gradual a c c l i m a t i o n p e r i o d . 
McGinnis (1984) was able to increase the a p p l i c a t i o n of PCP 
to 40 g of s o i l , from one mg to 90 mg over a 9-month pe r i o d . 
K i r s c h and E t z e l (1973) and Wukasch (1981) used municipal 
a c t i v a t e d sludge as the organism seed and g r a d u a l l y increased 
the.penta feed from one mg/L to 20 mg/L over 90 days, while 
maintaining over a 99-percent removal e f f i c i e n c y . Wilson 
et a l . 1983 i d e n t i f i e d the b i o t r a n s f o r m a t i o n of polyaromatic 
hydrocarbons (PAH's) and a l k y l a t e d benzenes by acclimated 
subsurface m i c r o b i a l populations at a wood c r e o s o t i n g s i t e . 
V i n b e r t (1970) measurement of the e f f l u e n t from two creosote 
and penta wood-treating p l a n t s b i o l o g i c a l treatment system 
and found phenol reductions of over 99.6 percent. Bedient 
(1984) measured s u b s t a n t i a l m i c r o b i a l degradation and a t t e n 
u a t i o n of organic contaminations at a c r e o s o t i n g p l a n t ' s 
groundwater where n u t r i e n t s and d i s s o l v e d oxygen are present. 

While researchers have found t h a t very high b i o l o g i c a l r e 
moval e f f i c i e n c i e s are p o s s i b l e w i t h the c o n t r o l l e d a p p l i c a 
t i o n of a wood-preserving wastewater to acclimated b i o c u l t u r e s , 
these systems have been noted as being s e n s i t i v e to nonuni
form loadings w i t h high s t r e n g t h or s y n t h e t i c wastes, but 
very s t a b l e with low strength or wi t h commingled wastewaters. 
K i r s c h (1973) was the f i r s t to i d e n t i f y a b i o l o g i c a l s e n s i 
t i v i t y to feed changes wi t h 20 to 40 ppm of a s y n t h e t i c penta 
feedstream, but was able to achieve a c o n s i s t e n t 99-percent 
penta r e d u c t i o n w i t h the c o n t r o l l e d feed of an authentic 
15 ppm penta wastewater. E d g e h i l l (1983) subjected a b i o 
l o g i c a l r e a c t o r to an 80-ppm step increase i n s y n t h e t i c penta 
c o n c e n t r a t i o n , which r e q u i r e d 2 days to re- a c c l i m a t e to the 
higher feed s t r e n g t h . Moos (1983) i d e n t i f i e d the b i o l o g i c a l 
k i n e t i c parameters f o r penta aerobic treatment. The b i o l o g 
i c a l p o p u l a t i o n was found to f o l l o w the same general k i n e t i c 
r e l a t i o n s h i p s which apply to many other organic compounds, 
and had a s p e c i f i c growth r a t e of 0.0017 mg/day. A s p e c i f i c 
removal r a t e of one mg/g/h was measured f o r a 300-mg/L b i o 
mass, and a one-ppm r e a c t o r c o n c e n t r a t i o n . Higher r e a c t o r 
concentrations of 12 ppm were found to be i n h i b i t o r y although 
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feed concentrations can be much higher. At a feed strength 
of 20 ppm penta, a 99.5-percent removal e f f i c i e n c y was noted 
with a 7.8-day s o l i d s r e t e n t i o n time. 

Guthrie (1984) conducted s i m i l a r t e s t s on anaerobic treatment 
systems, but the removal e f f i c i e n c y was so complete that 
k i n e t i c parameters could not be e s t a b l i s h e d . With the batch 
feeding of a 5-ppm penta s o l u t i o n (equivalent to a continuous 
feed of over 50 ppm), r e a c t o r concentrations and e f f l u e n t s 
were below a 5-ppb d e t e c t i o n l i m i t f o r 10-, 20-, and 40-day 
r e a c t o r s . This was w e l l below a 600 ppb reactor i n h i b i t o r y 
l e v e l . 

White (1976) performed an extensive p i l o t p l a n t t e s t on wood-
t r e a t i n g wastewater. Phenol was over 99 percent reduced at 
every operating l e v e l , even at organic loadings twice the 
t y p i c a l l o a d i n g used f o r domestic wastes. A c t i v a t e d sludge 
design parameters were recommended f o r an o n s i t e b i o l o g i c a l 
treatment process to achieve the f o l l o w i n g removal e f f i c i e n c i e s 
f o r . t h e p a r t i c u l a r wastewater s t u d i e d . These parameters 
inc l u d e conservative allowances to accommodate the nonuniform 
feedrates and r e a l - l i f e o n s i t e operating considerations.^ 

PROJECTED REMOVAL EFFICIENCIES 

COD removal e f f i c i e n c y = 70 to 80 percent 
BOD removal e f f i c i e n c y = 90 percent 
Phenol removal e f f i c i e n c y = 99 percent 
Penta removal e f f i c i e n c y = 99 percent 

RECOMMENDED DESIGN PARAMETERS 

Average COD loading = 0.3 kg/day/kg MLSS 
Maximum COD loading = 0.4 to 0.5 kg/day/kg MLSS 
Average BOD loading = 0.1 kg/day/kg MLSS 
Maximum BOD loading = 0.2 kg/day/kg MLSS 
Average phenol loading = 0.01 kg/day/kg MLSS 
Average penta lo a d i n g = 1.62 gm/day/cu m 

(0.1 lb/day/1,000 cu f t ) 
Maximum penta loading = 6.5 gm/day/cu m 

(0.4 lb/day/1,000 cu f t ) 
Average h y d r a u l i c d e t e n tion time = 60 hours 
Minimum h y d r a u l i c d e t e n tion time = 40 hours 

Any t r a c e r e s i d u a l penta i n an e f f l u e n t w i l l continue to 
biodegrade and photodegrade i n the environment. Cherry and 
Jessen (1982) i n v e s t i g a t e d o x i d a t i o n of c h l o r i n a t e d phenols 
by molecular oxygen and s u n l i g h t and found that pentachloro
phenol was completely decomposed i n three hours. Wong and 
Brosby (1978) stu d i e d the p h o t o l y s i s of penta i n d i l u t e water 
s o l u t i o n and found photodegradation products to be c h l o r i 
nated phenols, tetrachlorodihydroxy-benzenes and nonaromatic 
fragments such as d i c h l o r o m a l e i c a c i d . Prolonged i r r a d i a t i o n 

D-11 



of penta degradation products y i e l d e d c o l o r l e s s s o l u t i o n s 
c o n t a i n i n g no ether e x t r a c t a b l e v o l a t i l e m a t e r i a l s , and 
evaporations of the aqueous l a y e r l e f t no observable poly
meric residue such as humic a c i d . P i e r c e and V i c t o r (1978) 
noted the formation of p e n t a c h l o r o a n i s o l e w i t h i n the aquatic 
environment. 

14 
Lu et a l . (1978) stu d i e d the f a t e of C-labeled penta i n a 
model ecosystem. P r i n c i p a l degradation products were t e t r a -
chlorohydroquinone, pentachloropheny1 a c e t a t e , and conjugates. 
Munakata noted t h a t the photodegradation products were f a r 
l e s s t o x i c than e q u i v a l e n t concentrations of penta. 

Penta does not bioaccumulate i n the environment and i s 
r a p i d l y e l i m i n a t e d by f i s h . Kobayashi (1974) measured a 
penta h a l f - l i f e of 10 hours i n g o l d f i s h , and Braun (1976) 
i n d i c a t e d a h a l f - l i f e of 13 to 17 hours i n r a t s and 72 to 84 
hours i n monkeys. 

SUMMARY 

Wood-preserving chemicals are s t a b l e compounds which are i n 
use due to t h e i r a b i l i t y to r e s i s t degradation i n wood pro
ducts. To be e f f e c t i v e , t h i s r e q u i r e s a strong absorption 
i n t o the wood and high concentrations on the order of 
9,600 to 12,000 ppm penta and 193,000 ppm creosote i n 
t r e a t e d wood. These compounds have been shown to a l s o have 
a high a f f i n i t y f o r s o i l a b s o r p t i o n . At lower concentra
t i o n s i n s o i l and i n water, and under s u i t a b l e environmental 
c o n d i t i o n s , these organic chemicals have been shown to be 
r e a d i l y biodegradable by organisms already e x i s t i n g i n the 
environment. By gradual a c c l i m a t i o n and by c o n t r o l of the 
feedstream to avoid shock l o a d i n g , w e l l over 99-percent 
biodegradation has been achieved by both aerobic and anaerobic 
processes. This biodegradation e f f i c i e n c y i s even much higher 
than t h a t achieved w i t h the usual c o n s t i t u e n t s found i n 
domestic sewage. Trace r e s i d u a l s have a l s o been shown to 
photodegrade and to be r a p i d l y excreted i n both f i s h and i n 
mammals, and not to bioaccumulate. 

CVR32/036 
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Appendix E 
RI/FS AND REMEDIAL ALTERNATIVES 

INTRODUCTION 

While there i s no apparent short-term heal t h hazard to the 
p u b l i c , McCormick & Baxter (M&B) i s i n i t i a t i n g a Remedial 
I n v e s t i g a t i o n and F e a s i b i l i t y Study (RI/FS) f o r considera
t i o n of long-term m i t i g a t i o n of wood p r e s e r v a t i v e s at the 
p l a n t s i t e . 

The RI/FS w i l l consider the p o t e n t i a l long-term p u b l i c h e a l t h 
e f f e c t s and environmental e f f e c t s from the s i t e . The RI/FS 
w i l l determine "the lowest cost a l t e r n a t i v e that i s techno
l o g i c a l l y f e a s i b l e and r e l i a b l e and which e f f e c t i v e l y m i t i 
gates and minimizes damage to and provides adequate p r o t e c t i o n 
of p u b l i c h e a l t h , w e l f a r e , or the environment" f o r s i t e spe
c i f i c areas where there i s the p o t e n t i a l f o r u n c o n t r o l l e d 
o f f s i t e r e l e a s e of wood p r e s e r v a t i v e s . 

CONCEPTUAL ALTERNATIVES 

The Remedial I n v e s t i g a t i o n data, p u b l i c h e a l t h e v a l u a t i o n , 
and environmental a n a l y s i s are elements of an endangerment 
assessment, which i s used to determine the need f o r any 
remedial a c t i o n . I f the endangerment assessment proves the 
need f o r a remedial a c t i o n , a l i m i t e d number of conceptual 
a l t e r n a t i v e s are developed and subjected to i n i t i a l screen
i n g based on three broad c r i t e r i a : 1) c o s t , 2) e f f e c t s of 
the a l t e r n a t i v e , and 3) acceptable engineering p r a c t i c e s . 

Conceptual a l t e r n a t i v e s u s u a l l y f a l l i n t o one or more of the 
f o l l o w i n g c a t e g o r i e s : 

o No a c t i o n 
o A i r p o l l u t i o n c o n t r o l s 
o Surface water c o n t r o l s 
o Leachate and groundwater c o n t r o l s 
o Gas mi g r a t i o n c o n t r o l s 
o Waste and s o i l excavation and removal 
o Contaminated sediments removal or containment 
o In s i t u treatment methods 
o Disp o s a l of water 
o D i r e c t waste treatment 
o D i s p o s a l of excavated s o i l s 

Each conceptual a l t e r n a t i v e i s discussed below i n terms of 
i t s a p p l i c a b i l i t y to M&B. 
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NO ACTION 

The N a t i o n a l Contingency Plan r e q u i r e s t h a t a "no a c t i o n " 
response be considered f o r each of the s i t e problems. No 
a c t i o n would i n v o l v e l e a v i n g i n place contaminated s o i l s , 
groundwater, and sediments. Contaminated groundwater would 
r e c e i v e no treatment and would be allowed to migrate f r e e l y . 
Contaminant concentrations i n the Willamette River are below 
aquatic l i f e c r i t e r i a and human h e a l t h c r i t e r i a . 

AIR POLLUTION CONTROLS 

Based on a v a i l a b l e s i t e data and exposure s t u d i e s , at present 
there i s no evidence of any s i g n i f i c a n t a i r p o l l u t i o n problem 
from s i t e contamination sources addressed i n t h i s r e p o r t . 
A i r i s a p o t e n t i a l pathway f o r contaminant m i g r a t i o n which 
must be addressed as part of any remedial a c t i o n a l t e r n a 
t i v e . A i r p o l l u t i o n c o n t r o l s may be re q u i r e d to al l o w safe 
implementation of c e r t a i n remedial a c t i o n a l t e r n a t i v e s 
(e.g., dust c o n t r o l during e x c a v a t i o n ) . 

SURFACE WATER CONTROLS 

Surface water c o n t r o l s are designed to prevent the o f f s i t e 
m i g r a t i o n of contaminated surface water. Surface water con
t r o l s may a l s o be used to prevent surface water from i n t e r 
f e r i n g w i t h other remedial a c t i o n s , (e.g., f i l l i n g excava
ti o n s ) . Surface water c o n t r o l s are a l s o used to prevent 
surface water from running on or running o f f the area of 
contamination or to c o l l e c t and t r e a t contaminated r u n o f f . 

LEACHATE AND GROUNDWATER CONTROLS 

Leachate and groundwater c o n t r o l s are designed to prevent or 
to minimize the contamination of groundwater by leachate 
generation as w e l l as contaminant m i g r a t i o n v i a groundwater. 
Leachate and groundwater c o n t r o l s can incl u d e the use of 
caps, containment b a r r i e r s , and/or groundwater removal and 
treatment. 

GAS MIGRATION CONTROLS 

There i s no evidence of a s i g n i f i c a n t gas migra t i o n problem 
from s i t e contamination sources addressed i n t h i s r e p o r t . 
Gas m i g r a t i o n c o n t r o l s could be incorporated i n t o the con
s t r u c t i o n of an o n s i t e l a n d f i l l or surface cap to m i t i g a t e 
future gas mi g r a t i o n . 

WASTE AND SOIL EXCAVATION AND REMOVAL 

Excavation and removal of waste and contaminated s o i l s may 
be implemented to e l i m i n a t e or reduce the source of ground
water p o l l u t i o n , to reduce the t h r e a t of d i r e c t exposure to 
contaminated s o i l s , and/or to a i d i n the implementation of 
another remedial a c t i o n , such as the i n s t a l l a t i o n of a s l u r r y 
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w a l l . The removal of underground debris i s included i n t h i s 
conceptual a l t e r n a t i v e . 

CONTAMINATED SEDIMENTS REMOVAL OR CONTAINMENT 

This conceptual a l t e r n a t i v e i s designed to prevent contact 
between contaminated sediments and surface water flow. As 
discussed p r e v i o u s l y , surface water runoff samples are now 
being c o l l e c t e d and analyzed. 

IN SITU TREATMENT METHODS 

In s i t u treatment methods are designed to m i t i g a t e contami
n a t i o n problems without moving contaminated m a t e r i a l s . 
Methods inc l u d e contaminant d e s t r u c t i o n , treatment, and f i x 
a t i o n . 

DIRECT WASTE TREATMENT 

D i r e c t waste treatment can be implemented to destroy contam
inants i n , to remove contaminants from, or to s t a b i l i z e and 
i n some instances to f i x a t e contaminants w i t h i n s o l i d , l i q u i d , 
or gaseous waste streams. I n c i n e r a t i o n can completely decom
pose many types of organic contaminant molecules. Treatme'nt 
systems can remove contaminants from l i q u i d and gaseous waste 
streams. D i r e c t waste treatment may be a p p l i c a b l e to con
taminated groundwater and p o s s i b l y contaminated s o i l s . 

DISPOSAL OF WATER 

This conceptual a l t e r n a t i v e i s designed to dispose of water 
once the water has been c o l l e c t e d or removed from the 
ground. Water can be disposed a f t e r or i n l i e u of t r e a t 
ment. The range of d i s p o s a l options i s a f f e c t e d by the 
degree of water treatment implemented p r i o r to d i s p o s a l . -

DISPOSAL OF EXCAVATED SOILS 

This conceptual a l t e r n a t i v e becomes a p p l i c a b l e when contami
nated s o i l s are removed from the s i t e . Excavated s o i l s may 
be disposed of or t r e a t e d o n s i t e , or o f f s i t e i n a RCRA-
permitted f a c i l i t y . 

SUMMARY OF CONCEPTUAL ALTERNATIVES 

Table E - l summarizes the p o t e n t i a l s i t e problems that would 
be s i g n i f i c a n t l y a f f e c t e d by the s e l e c t i o n of a p a r t i c u l a r 
conceptual a l t e r n a t i v e . The t a b l e shows that a p a r t i c u l a r 
conceptual a l t e r n a t i v e w i l l sometimes apply to more than one 
s i t e problem. 
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Table E - l 
IMPACT OF CONCEPTUAL ALTERNATIVES 

ON EXISTING AND POTENTIAL SITE PROBLEMS 

Conceptual 
A l t e r n a t i v e 

No A c t i o n 

A i r P o l l u t i o n C o n t r o l s 

Surface Water C o n t r o l s 

Leachate and Ground
water C o n t r o l s 

Gas M i g r a t i o n C o n t r o l s 

Waste and S o i l Exca
v a t i o n and Removal 

Contaminated Sediments 
Removal or Containment 

In S i t u Treatment 

D i r e c t Waste Treatment 

Di s p o s a l of Water 

Di s p o s a l of Excavated 
S o i l s 

A i r 
P o l l u 
t i o n 

X 

X 

X 

S o i l 
and 

Under
ground 
Debris 

X 

X 

X 

X 

X 

Sed i 
ments 

X 

Ground
water 

X 

X 

X 

X 

X 

X 

X 

Note: X i n d i c a t e s t h a t s i t e problem would be p o s i t i v e l y 
a f f e c t e d by implementation of the conceptual 
a l t e r n a t i v e . 
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POTENTIALLY APPLICABLE REMEDIAL 
ACTION TECHNOLOGIES 

A comprehensive l i s t of remedial a c t i o n technologies was 
developed from a l i t e r a t u r e review and knowledge of CERCLA 
remedial a c t i o n s undertaken at other u n c o n t r o l l e d hazardous 
waste s i t e s across the United S t a t e s . 

The remedial a c t i o n technologies were grouped i n terms of 
the conceptual a l t e r n a t i v e s p r e v i o u s l y described. A de
t a i l e d l i s t of s p e c i f i c technologies i n each conceptual 
a l t e r n a t i v e i s shown i n Table E-2. 

This s e c t i o n examines these technologies i n order to iden
t i f y the ones appropriate f o r f u r t h e r c o n s i d e r a t i o n . The 
examination i s based on the c u r r e n t s i t e c h a r a c t e r i z a t i o n . 
P o t e n t i a l l y acceptable technologies w i l l be assessed i n the 
RI/FS f o r more d e t a i l e d screening. 

Each category of remedial a c t i o n technology i s discussed i n 
Table E-2. Table E-3 shows the r a t i o n a l e f o r e l i m i n a t i n g 
any technology deemed i n a p p r o p r i a t e f o r f u r t h e r considera
t i o n . 

AIR POLLUTION CONTROLS 

A i r p o l l u t i o n c o n t r o l s i n c l u d e the subcategories of surface 
capping and dust c o n t r o l measures. Surface caps a l s o pre
vent surface water and p r e c i p i t a t i o n from e n t e r i n g the zone 
of contamination and minimize the p o s s i b i l i t y of d i r e c t 
human contact w i t h contaminated s o i l s . 

S everal types of m a t e r i a l s can be considered f o r use as sur
face caps. Of these, only chemical sealants and s t a b i l i z e r s 
were e l i m i n a t e d at t h i s stage of a n a l y s i s . They were r e j e c t 
ed because the technology i s unproven and d u r a b i l i t y has not 
been demonstrated. 

Dust c o n t r o l measures i n c l u d e the use of polymers or water 
to suppress dust. Because a i r p o l l u t i o n i s c u r r e n t l y not a 
major s i t e problem, these technologies cannot be considered 
as remedial a c t i o n s alone. However, each may be used as a 
m i t i g a t i n g measure i n conjunction with other technologies. 
For example, dust suppression might be necessary i n the 
event t h a t a remedial a c t i o n i n v o l v i n g excavation i s imple
mented . 

SURFACE WATER CONTROLS 

Surface water c o n t r o l s i n c l u d e capping, grading, revegeta
t i o n , and d i v e r s i o n and c o l l e c t i o n systems. Grading and 
r e v e g e t a t i o n do not s u f f i c i e n t l y t r e a t or i s o l a t e contami
nants to be considered response actions alone, but may be 
used to supplement other t e c h n o l o g i e s . 
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Table E-2 
REMEDIAL ACTION TECHNOLOGIES AVAILABLE 

A. A i r P o l l u t i o n Controls 

o Dust Control Measures 
Polymers 
Water 

B. Surface Water Controls 

o Capping 
Sprayed asphalt membrane 
Portland concrete 
Bituminous concrete (asphalt) 
Gravel over geotextile 
Loam over clay 
Loam over synthetic membrane over sand 
Loam over sand over synthetic membrane over clay 
Chemical sealants and s t a b i l i z e r s 

o Grading 
S c a r i f i c a t i o n 
Tracking 

Contour furrowing 

o Revegetation 
o Diversion and Collection Systems 

Dikes and berms 
Ditches and trenches 
Terraces and benches 
Chutes and downpipes 
Seepage basins 
Sedimentation basins and ponds 

C. Leachate and Groundwater Controls 

o Capping (Same as Item B) 

o Containment Barriers ( v e r t i c a l barriers) 
Soil-bentonite s l u r r y wall 
Cement-bentonite sl u r r y wall 
Vibrating beam-asphalt wall 
Grout curtains 
Steel sheet p i l i n g 

o Horizontal Barrier (bottom sealing) 
Block displacement 
Grout i n j e c t i o n 



Table E-2 
(continued) 

o Groundwater Pumping (Generally used with capping 
and treatment) 

Well points 
(a) Suction wells 
(b) Jet ejector wells 
(c) Submersible wells 
Deep wells 

o Subsurface Collection Drains 
French drains 
T i l e drain 
Pipe drain (dual-media drain) 

D. Gas Migration Control (Generally used with treatment) 

o Capping (Same as Item B) 

o Gas Collection or Recovery 

E. Waste and S o i l Excavation and Removal 

o Excavation and Removal 
Backhoe 
Front-end loaders 
Scrapers 
Pumps 
Indu s t r i a l vacuums 

F. Contaminated Sediments Removal or Containment 

o Sediment Removal 
Mechanical Dredging 
Hydraulic Dredging 
Pneumatic Dredging 

o Sediment Turbidity Controls and Containment 
Curtain barriers 
Cofferdams 
Pneumatic barriers 
Capping 

G. In Situ Treatment Methods 

o Hydrolysis 
o Oxidation 
o Reduction 
o S o i l aeration 
o Solvent flushing 
o Neutralization 
o Polymerization 
o Biodegradation 
o Permeable treatment beds 
o Organic chemical dechlorination 



Table E-2 
(continued) 

Direct Waste Treatment 

o Incineration 
Rotary k i l n 
F l u i d i z e d bed 
Multiple hearth 
Liquid i n j e c t i o n 
Molten s a l t 
High-temperature f l u i d wall 
Plasma arc pyrolysis 

- Cement k i l n 
Pyrolysis and starved combustion 
Wet-air oxidation 

o Gaseous Waste Treatment 
Activated carbon or other adsorbents 
Flares 
Afterburners 

o Onsite Treatment of Aqueous and Liquid Waste Streams 

B i o l o g i c a l Treatment Techniques 
(a) Aerobic B i o l o g i c a l Treatment Systems 

Activated sludge 
T r i c k l i n g f i l t e r s 
Aerated lagoons 
Waste s t a b i l i z a t i o n ponds 
Rotating b i o l o g i c a l discs 
Fluidized bed bioreactors 

(b) Anaerobic B i o l o g i c a l Treatment Systems 

Chemical Treatment Techniques 
(a) Neutralization 
(b) P r e c i p i t a t i o n 
(c) Cyanide oxidation 
(d) Organic chemical oxidation 
(e) Hydrolysis 
(f) Reduction 
(g) Organic chemical dechlorination 
(h) Molecular chlorine removal 

Physical Treatment Techniques 
(a) Flow equalization 
(b) Coagulation/Flocculation 
(c) Sedimentation 
(d) Activated carbon 
(e) Ion exchange 
(f) Membrane processes 

Reverse osmosis 
E l e c t r o d i a l y s i s 
U l t r a f i l t r a t i o n 



Table E-2 
(continued) 

(g) L i q u i d / l i q u i d extraction 
(h) Oil-water separator 
(i) Steam d i s t i l l a t i o n 
(j) A i r stripping 
(k) Steam stripping 
(1) O f f s i t e Treatment 
(m) F i l t r a t i o n 
(n) Dissolved a i r f l o t a t i o n 

O f f s i t e Treatment of Aqueous and Liquid Waste 
Streams 

o Solids Handling 
Screens, hydraulic c l a s s i f i e r s , scalpers 
Centrifuges 
Gravity thickening 
Flocculation/coagulation, sedimentation 
Belt f i l t e r press 
Plate and frame f i l t e r press 
Rotary drum vacuum f i l t e r 
Drying or dewatering beds 
Vacuum-assisted drying beds 

o Solids Treatment 
Neutralization 
Solvent extraction 
Oxidation 
Reduction 
Composting 

o S o l i d i f i c a t i o n / S t a b i l i z a t i o n / F i x a t i o n 
Cement based 
Lime based 
Thermoplastic 
Organic polymer 
Self-cementing techniques 
Surface encapsulation 
C l a s s i f i c a t i o n 
S o l i d i f i c a t i o n materials ( i . e . , flyash, 
polymers, sawdust) 

Disposal of Water 

o Discharge to a p u b l i c l y owned treatment works 
o Discharge to Willamette River 
o Spray i r r i g a t i o n 
o I n d u s t r i a l re-use 
o Shallow r e i n j e c t i o n 
o Deep well i n j e c t i o n 



Table E-2 
(continued) 

Disposal of Excavated S o i l s 

o Onsite l a n d f i l l disposal 
o O f f s i t e l a n d f i l l disposal at a RCRA-permitted 

f a c i l i t y 
o Surface impoundments 
o Land application 
o Waste p i l e s 
o Temporary storage 
o Incineration at an o f f s i t e f a c i l i t y 
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LEACHATE AND GROUNDWATER CONTROLS 

Leachate and groundwater c o n t r o l s include the subcategories 
of surface caps, v e r t i c a l containment b a r r i e r s , h o r i z o n t a l 
containment b a r r i e r s , groundwater pumping, and subsurface 
c o l l e c t i o n d r a i n s . The use of surface caps i s discussed 
above. V e r t i c a l containment b a r r i e r s are used to contain 
s o i l contamination and to d i v e r t groundwater flow around the 
zone of contamination. Of the containment b a r r i e r technolo
g i e s , the v i b r a t i n g beam was e l i m i n a t e d because of the high 
p o t e n t i a l f o r leakage and grout c u r t a i n s were e l i m i n a t e d due 
to the presence of f i n e - g r a i n e d s o i l s . H o r i z o n t a l c o n t a i n 
ment b a r r i e r s were e l i m i n a t e d because a p p l i c a b l e 
technologies are s t i l l l a r g e l y developmental. 

Subsurface c o l l e c t i o n d r a i n s may be used to a i d i n the imple
mentation of other remedial a c t i o n responses. The p o t e n t i a l 
f o r c l o g g i n g of subsurface c o l l e c t i o n d rains made the tech
nology l e s s d e s i r a b l e than other groundwater c o l l e c t i o n 
t echnologies and i t was e l i m i n a t e d from f u r t h e r considera
t i o n as an independent response a c t i o n . 

Groundwater pumping can be used to remove groundwater con
tamination from the a q u i f e r and to prevent contaminant 
m i g r a t i o n . Both e x t r a c t i o n and i n j e c t i o n w e l l s might have 
a p p l i c a t i o n . 

GAS MIGRATION CONTROLS 

Gas m i g r a t i o n does not appear to be a problem at the s i t e ; 
t h e r e f o r e , gas migra t i o n c o n t r o l s w i l l not be discussed as 
remedial a c t i o n s . Gas migra t i o n c o n t r o l s may be incorpo
rated i n t o other remedial responses to prevent the develop
ment of a gas migration problem. 

WASTE AND SOIL EXCAVATION AND REMOVAL 

S o i l excavation and removal technologies include the use of 
backhoes, front-end l o a d e r s , and scrapers. The appropriate 
technology depends on the depth of excavation and s i t e -
s p e c i f i c c h a r a c t e r i s t i c s . A l l these technologies were 
r e t a i n e d f o r d e t a i l e d a n a l y s i s . Complete s o i l excavation 
and removal are proven technologies that could s u c c e s s f u l l y 
e l i m i n a t e the s o i l contamination. 

CONTAMINATED SEDIMENTS REMOVAL OR CONTAINMENT 

Sediment removal and containment technologies would be used 
i f deemed necessary. 

IN SITU TREATMENT METHODS 

Because of the v a r i e d nature of the s o i l c o n s t i t u e n t s , 
i n s i t u treatment technologies may be n e i t h e r f e a s i b l e , 
environmentally sound, nor c o s t - e f f e c t i v e . Further a n a l y s i s 
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i s necessary to determine whether any of the i n s i t u t e c h
nologies can be a p p l i e d . Biodegradation and permeable 
treatment beds were r e t a i n e d f o r f u r t h e r c o n s i d e r a t i o n . 

DIRECT WASTE TREATMENT 

D i r e c t waste treatment i n c l u d e s i n c i n e r a t i o n , gaseous waste 
treatment, and treatment of aqueous and l i q u i d wastes. 
I n c i n e r a t i o n can be a p p l i e d to s o l i d , l i q u i d , and gaseous 
wastes. Onsite i n c i n e r a t i o n of contaminated m a t e r i a l was 
el i m i n a t e d because of overwhelming t e c h n i c a l and i n s t i t u 
t i o n a l c o n s t r a i n t s , and the combustion end-products a s s o c i 
ated w i t h wood pr e s e r v i n g chemicals. Gaseous waste t r e a t 
ment i s not a p p l i c a b l e and was not considered f u r t h e r . 

D i r e c t waste treatment of contaminated groundwater i s accom
p l i s h e d by means of b i o l o g i c a l , chemical, or p h y s i c a l t r e a t 
ment te c h n o l o g i e s . Groundwater treatment may be implemented 
at an o n s i t e treatment f a c i l i t y or an o f f s i t e commercial 
treatment f a c i l i t y . B i o l o g i c a l treatment technologies are 
used p r i m a r i l y to remove organic contaminants. Chemical 
treatment technologies can be used to remove both organic 
and i n o r g a n i c contaminants and/or to convert contaminants 
i n t o l e s s hazardous s p e c i e s . P h y s i c a l treatment t e c h n o l 
ogies are used to t r e a t the waste stream and to a i d i n the 
implementation of other treatment t e c h n o l o g i e s . A l l tech
nologies were r e t a i n e d f o r f u r t h e r a n a l y s i s . 

S o l i d s handling and treatment technologies f a l l i n t o two 
separate subcategories, dewatering and s o l i d i f i c a t i o n -
s t a b i l i z a t i o n - f i x a t i o n . S o l i d i f i c a t i o n and dewatering 
technologies may be used to a i d i n the d i s p o s a l of sludge 
from a groundwater treatment system or t o . a i d i n the d i s 
posal of sediments. 

DISPOSAL OF GROUNDWATER 

Disp o s a l options f o r e x t r a c t e d groundwater i n c l u d e discharge 
to a p u b l i c l y owned treatment works, discharge to the 
Willamette R i v e r , spray i r r i g a t i o n , shallow r e i n j e c t i o n , and 
deep w e l l i n j e c t i o n . 

Discharge to a p u b l i c l y owned treatment works i n v o l v e s a 
discharge permit and user fees would be i n c u r r e d . An NPDES 
discharge permit would be r e q u i r e d f o r any r i v e r discharge 
but no user fees would be i n c u r r e d . The treatment r e q u i r e 
ments f o r an NPDES permit are g e n e r a l l y more s t r i n g e n t than 
the pretreatment requirements f o r a POTW discharge permit. 

Spray i r r i g a t i o n i s considered l e s s f e a s i b l e than other 
options because of the i n t e n s i v e s i t e USC and the area's wet 
cl i m a t e . 
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I n d u s t r i a l re-use of t r e a t e d water in v o l v e s the discharge of 
t r e a t e d water i n t o a nearby i n d u s t r i e s process or water sup
p l y l i n e . The use of the t r e a t e d water would have to be 
s t r i c t l y monitored. No s u i t a b l e i n d u s t r y was i d e n t i f i e d , so 
the o p t i o n was e l i m i n a t e d from f u r t h e r c o n s i d e r a t i o n . 

Shallow r e i n j e c t i o n i n v o l v e s the r e i n j e c t i o n of t r e a t e d 
water i n t o the shallow a q u i f e r . Deep w e l l i n j e c t i o n i n 
volves the i n j e c t i o n of t r e a t e d or untreated water i n t o a 
deep unusable s a l i n e a q u i f e r . A d e t a i l e d study w i l l be 
r e q u i r e d before the f e a s i b i l i t y or d e s i r a b i l i t y of deep w e l l 
i n j e c t i o n can be f u l l y determined. 

DISPOSAL OF EXCAVATED SOILS 

Land d i s p o s a l of s o i l s i n c l u d e s l a n d f i l l s , surface impound
ments, land a p p l i c a t i o n , waste p i l e s , and temporary storage. 
Surface impoundment storage i s g e n e r a l l y a p p l i c a b l e to 
sludge and l i q u i d wastes, and i s not commonly used f o r s o i l 
d i s p o s a l . Land a p p l i c a t i o n was e l i m i n a t e d as a remedial 
a c t i o n technology because of the presence of heavy metals i n 
most of the contamination found at McCormick & Baxter. The 
use of waste p i l e s was e l i m i n a t e d because i t does not rep
resent a permanent s o l u t i o n f o r any of the s i t e problems. 
D i s p o s a l i n o n s i t e and o f f s i t e l a n d f i l l s was r e t a i n e d f o r 
f u r t h e r c o n s i d e r a t i o n . 

Another o p t i o n i s the i n c i n e r a t i o n of contaminated s o i l s at 
a l i c e n s e d hazardous waste f a c i l i t y . While o n s i t e i n c i n 
e r a t i o n was e l i m i n a t e d due to t e c h n i c a l and i n s t i t u t i o n a l 
c o n s t r a i n t s , i n c i n e r a t i o n at an o f f s i t e f a c i l i t y was r e 
t a i n e d f o r f u r t h e r c o n s i d e r a t i o n . 

SUMMARY OF TECHNOLOGY IDENTIFICATION ' 

Table E-3 summarized the technologies e l i m i n a t e d from f u r 
ther c o n s i d e r a t i o n as primary elements of remedial a c t i o n s . 
The remaining technologies t h a t w i l l be considered f u r t h e r 
are l i s t e d i n Table E-4. 

PRELIMINARY ASSESSMENT OF APPLICABLE 
REMEDIAL TECHNOLOGIES 

This s e c t i o n presents a p r e l i m i n a r y assessment of a p p l i c a b l e 
technologies as a p r e p a r a t i o n f o r assembling and screening 
example remedial a c t i o n a l t e r n a t i v e s . The technologies are 
grouped i n t o the conceptual a l t e r n a t i v e s presented e a r l i e r 
i n t h i s appendix. At t h i s l e v e l of assessment, no attempt 
has been made to combine technologies w i t h i n or between con
ce p t u a l a l t e r n a t i v e s or to optimize f o r a s i n g l e s i t e area. 
Each technology i s assessed d i s c r e t e l y i n t h i s chapter w i t h 
out c o n s i d e r a t i o n of p o s i t i v e or negative e f f e c t s when 
a p p l i e d i n combination w i t h other technologies. 
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Table E-3 
TECHNOLOGIES NOT DIRECTLY APPLICABLE TO 

MCCORMICK & BAXTER 

Technology 
Reason for 

Elimination Comments 

Dust Control Measures 

Polymers Does not treat or 
is o l a t e contamina
t i o n . 

Not d i r e c t l y a p p l i 
cable to s i t e problems. 
May be combined with 
other technologies 
such as excavation. 

Water Does not treat or 
iso l a t e contamina
t i o n . 

Not d i r e c t l y a p p l i 
cable to s i t e problems. 
May be combined with 
other technologies 
such as excavation. 

Capping 

Chemical sealants 
and s t a b i l i z e r s 

Subject to cracking. 
Potential for i n f i l 
t r a t i o n of p r e c i p i 
t a t i o n . Complex 
application methods 
required. 

Grading 

S c a r i f i c a t i o n 
Tracking 
Contour furrowing 

May not i n i t s e l f 
treat or i s o l a t e 
contamination. May 
result i n increased 
airborne pollutant 
l e v e l s . 

Not d i r e c t l y a p p l i 
cable to s i t e problems. 
May be combined with 
other technologies. 

Revegetation 

Does not i n i t s e l f 
treat or i s o l a t e 
contamination. 

Not d i r e c t l y a p p l i 
cable to s i t e problems. 
May be used for ero
sion control and aes
th e t i c purposes after 
s i t e cleanup i s 
complete. 



Table E-3 
(continued) 

Technology 
Reason for 

Elimination 

Diversions and Collection Systems 

Dikes and berms 
Terraces and berms 

Does not i n i t s e l f 
treat or i s o l a t e 
contamination. 

Comments 

May be combined with 
other technologies. 

Seepage basins 
Sedimentation 

basins and ponds 

D i f f i c u l t to imple
ment i n small area. 

Containment Barriers (Vertical) 

Vibrating beam— 
asphalt wall 

High potential for 
leakage through the 
in t e r l o c k s . 

Containment Barriers (Horizontal) 

Block displacement 
Grout i n j e c t i o n 

Technology i s s t i l l 
developmental. 

The i n s t a l l a t i o n of 
an onsite l a n d f i l l 
would include h o r i 
zontal containment i n 
the form of a l i n e r . 

Subsurface Collection Drains 

French drains 
T i l e drains 
Pipe drain (dual 

media drain) 

Higher potential for 
clogging than with 
other groundwater 
c o l l e c t i o n 
technologies. 

May be incorporated 
into the i n s t a l l a t i o n 
of a l a n d f i l l . 

Gas Collection 

Passive pipe vents 
Passive trench vents 
Active gas c o l l e c t i o n 

systems 

Major gas releases 
have not been de
tected. 

Waste and S o i l Excavation and Removal 

Pumps 
Industrial Vacuums 

Not e f f e c t i v e for 
removing compacted 
s o i l s 



Table E-3 
(continued) 

Technology 
Reason for 

Elimination Comments 

Sediment Turbidity Controls and Containment 

Curtain barriers 
Cofferdams 
Pneumatic barriers 
Capping 

Incineration (Onsite) 

Rotary k i l n 
F luidized bed 
Multiple hearth 
Liquid i n j e c t i o n 
Molten s a l t 
High temperature 

f l u i d wall 
Plasma arc pyrolysis 
Cement k i l n 
Pyrolysis/starved 

combustion 
Wet a i r oxidation 

Sediment t u r b i d i t y 
controls do not m i t i 
gate the primary con
taminant transport 
problems. 

S i t i n g and permit
ti n g a hazardous 
waste incinerator at 
the s i t e would be 
extremely d i f f i c u l t . 
Technology f o r mo
b i l e incinerators i s 
new and r e l a t i v e l y 
unproven. Major 
technical and eco
nomic concerns. 

Sediment t u r b i d i t y 
may become a problem 
due to sediment 
removal options. 

Gaseous Waste Treatment 

Activated carbon 
Flares 
Afterburners 

Major gaseous 
releases have not 
been detected. 

Chemical Treatment Techniques 

Cyanide oxidation 
Reduction 
Molecular chlorine removal 
Organic chemical dechlorination 

Physical Treatment Technique 

Ion exchange 
A i r stripping 
Steam stripping 

May be used with an 
onsite l a n d f i l l 
alternative or as 
part of an a i r 
stripping u n i t . 

Not applicable to 
constituents found 
onsite. 

Not applicable to the 
high molecular weight 
constituents found 
onsite. 



Technology 

Solids Handling 

Screens, hydraulic 
c l a s s i f i e r s , 
scalpers 

Centrifuges 
Gravity thickening 
Flocculation, 

sedimentation 
Belt f i l t e r press 
Plate and frame 

f i l t e r press 

Rotary drum vacuxim 
f i l t e r 

Drying or dewater
ing beds 

Vacuum-assisted 
drying beds 

Solids Treatment 

Table E-3 
(continued) 

Reason for 
Elimination 

Technologies are 
usually used to 
prepare sludges and 
bulk l i q u i d s for 
l a n d f i l l disposal. 
They are not 
applicable to cur
rent s i t e condi
tions. 

Comments 

May be used as a post-
treatment option i n a 
groundwater treatment 
system. 

Neutralization 
Solvent extraction 
Oxidation 
Reduction 
Composting 

Heterogeneous nature 
of s o i l contamina
tion makes t h i s 
technology d i f f i c u l t 
to implement. 

S o l i d i f i c a t i o n / S t a b i l i z a t i o n / F i x a t i o n 

Cement-based 
Lime-based 
Thermoplastic 
Self-cementing 

techniques 
Surface encapsula

tion 
C l a s s i f i c a t i o n 
S o l i d i f i c a t i o n 

materials ( i . e . , 
flyash, polymers, 
sawdust) 

Technologies are 
usually used to 
prepare sludges and 
bulk l i q u i d s for 
l a n d f i l l disposal. 
They are not a p p l i 
cable to current 
s i t e conditions. 

Not d i r e c t l y a p p l i 
cable to s i t e con
d i t i o n s . In s i t u 
s t a b i l i z a t i o n tech
nologies for s o i l 
s t a b i l i z a t i o n are 
discussed under i n 
s i t u treatment. 



Technology 

Table E-3 
(continued) 

Reason f o r 
E l i m i n a t i o n Comments 

Disposal of Water 

Industrial re-use No suitable industry 
i d e n t i f i e d for re
use of water. Use 
of water would have 
to be s t r i c t l y 
monitored. 

Disposal of Excavated S o i l s 

Surface impoundments 

Waste p i l e s 

Temporary storage 

Generally used for 
l i q u i d waste or 
sludge. 

Does not treat or i s 
olate contamination. 

Not a permanent 
solution. 

May be used as part 
of another remedial 
technology. 
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Table E-4 
TECHNOLOGIES POTENTIALLY APPLICABLE AT McCORMICK & BAXTER 

Surface Water Controls'^ 

o Capping 
Sprayed asphalt membrane 
Portland concrete 
Bituminous concrete (asphalt) 
Gravel over geotextile 
Loam over clay 
Loam over synthetic membrane over sand 
Loam over sand over synthetic membrane over 
clay 

Groundwater Controls 

o Containment Barriers 
Soil-bentonite slurry wall 
Cement-bentonite slurry wall 
Grout curtains 
Sheet-piling 

o Groundwater Pumping 
Well points 
(a) Suction wells 
(b) Jet ejector wells 
(c) Submersible wells 
Deep wells 

Waste and S o i l Excavation and Removal 

o Backhoe 
o Front-end loaders 
o Scrapers 

Contaminated Sediments Removal and Containment 

o Mechanical Dredging 
o Hydraulic Dredging 
o Pneumatic Dredging 

1 See Table E-2 for a complete l i s t of a l l available 
technologies. 



Table E-4 
(continued) 

In S i t u Treatment Methods 

o Hydrolysis 
o Oxidation 
o V i t r i f i c a t i o n 
o Reduction 
o S o i l aeration 
o Solvent flushing 
o Neutralization 
o Polymerization 
o Biodedgradation 
o Permeable treatment beds 
o S o l i d i f i c a t i o n 

Direct Waste Treatment 

o Onsite Treatment of Aqueous and Liquid Waste Streams 

B i o l o g i c a l Treatment Techniques 
(a) Aerobic B i o l o g i c a l Treatment Systems 

Activated sludge 
T r i c k l i n g f i l t e r s 

- Aerated lagoons 
Waste s t a b i l i z a t i o n ponds 
Rotating b i o l o g i c a l discs 
Fluidized bed bioreactors 

(b) Anaerobic B i o l o g i c a l Treatment Systems 

Chemical Treatment Techniques 
Neutralization 
P r e c i p i t a t i o n 
Organic chemical oxidation 
Hydrolysis 

Physical Treatment Techniques 
(a) Flow equalization 
(b) Coagulation/flocculation 
(c) Sedimentation 
(d) Activated carbon 
(e) Membrane processes 

Reverse osmosis 
E l e c t r o d i a l y s i s 
U l t r a f i l t r a t i o n 

(f) L i q u i d / l i q u i d extraction 
(g) Oil-water separator 
(h) Steam d i s t i l l a t i o n 
(i) F i l t r a t i o n 
(j) Dissolved a i r f l o t a t i o n 



Table E-4 
(continued) 

o O f f s i t e Treatment 

Disposal of Groundwater 

o Discharge to a publicly-owned treatment works 
o Discharge to Willamette River 
o Shallow r e i n j e c t i o n 
o Deep well i n j e c t i o n 

Disposal of Excavated S o i l s 

o O f f s i t e l a n d f i l l disposal at a RCRA-permitted f a c i l i t y 
o Onsite l a n d f i l l disposal 
o Incineration at an o f f s i t e f a c i l i t y 
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The p r e l i m i n a r y assessment procedure considers only major 
impacts of the i d e n t i f i e d t e c h n o l o g i e s . The procedure uses 
a v a i l a b l e data to allo w p r e l i m i n a r y conclusions to be drawn 
about e f f e c t s and to f a c i l i t a t e comparisons between tech
nologies before d e t a i l e d a n a l y s i s i s performed. I t a l s o 
permits i d e n t i f i c a t i o n of s e n s i t i v e general i s s u e s . This 
procedure c a t a l o g s only major impacts and does not r e l y on 
q u a n t i f i c a t i o n since i t i s a p r e l i m i n a r y screening procedure 
fo r i d e n t i f y i n g and e l i m i n a t i n g i n f e a s i b l e t e c h n o l o g i e s . 

ASSESSMENT CRITERIA 

S e l e c t i o n or r e j e c t i o n of a p p l i c a b l e remedial technologies 
was based on the f o l l o w i n g general f a c t o r s : 

o P h y s i c a l s i t e c o n d i t i o n s t h a t preclude, r e s t r i c t , 
or promote the use of a s p e c i f i c technology 

o Chemical and p h y s i c a l c h a r a c t e r i s t i c s of con
tamination t h a t a f f e c t the e f f e c t i v e n e s s of a 
remedial technology 

o Inherent nature of a technology, such as p e r f o r 
mance record, r e l i a b i l i t y , and operat i n g problems 

To r e f i n e the r e l a t i v e a p p l i c a b i l i t y of each technology, the 
f o l l o w i n g a d d i t i o n a l c r i t e r i a are a p p l i e d i n t h i s appendix: 

o T e c h n i c a l F e a s i b i l i t y . T e c h n i c a l f e a s i b i l i t y i n 
cludes a general assessment of r e l i a b i l i t y , imple
mentation c a p a b i l i t y , and s a f e t y . R e l i a b i l i t y i s 
assessed i n c a t e g o r i e s of e f f e c t i v e n e s s , d u r a b i l 
i t y , and whether or not the technology i s proven. 
Implementation c a p a b i l i t y i s assessed i n the cate
g o r i e s of ease of i n s t a l l a t i o n , a p p l i c a b i l i t y to 
s i t e c o n d i t i o n s , time r e q u i r e d to implement, and 
monitoring requirements. The s a f e t y category 
addresses the r e l a t i v e s a f e t y of a technology dur
ing o p e r a t i o n and i n the event of f a i l u r e of the 
technology. 

o Environmental, P u b l i c Health, and I n s t i t u t i o n a l 
Impacts. The e v a l u a t i o n and screening of remedial 
technologies from an environmental p e r s p e c t i v e 
addresses both short-term ( c o n s t r u c t i o n - r e l a t e d ) 
and long-term (operation-related) e f f e c t s on the 
n a t u r a l and manmade environment. Short-term 
e f f e c t s considered during technology screening 
i n c l u d e odor, noise, a i r p o l l u t i o n , groundwater 
p o l l u t i o n , surface water p o l l u t i o n , w i l d l i f e h a b i 
t a t a l t e r a t i o n , d i s p o s a l of c o n s t r u c t i o n m a t e r i a l s , 
and d i s r u p t i o n of households, businesses, and s e r 
v i c e s . Long-term e f f e c t s considered during 
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technology screening i n c l u d e odor, noise, a i r p o l 
l u t i o n , surface water p o l l u t i o n , groundwater p o l 
l u t i o n , and w i l d l i f e h a b i t a t a l t e r a t i o n ; e f f e c t on 
any threatened and endangered species,.or on the 
use of n a t u r a l resources; a l t e r a t i o n of parks, 
t r a n s p o r t a t i o n , and urban f a c i l i t i e s ; r e l o c a t i o n 
of households, businesses, or s e r v i c e s ; and aes
t h e t i c changes. P u b l i c h e a l t h evaluations f o r 
each technology were made by judging exposure 
(short- and long-term) f o r each a l t e r n a t i v e . In
s t i t u t i o n a l impacts were evaluated r e l a t i v e to po
l i t i c a l j u r i s d i c t i o n ; surface water and ground
water standards; a i r q u a l i t y , odor, and noise 
standards; land a c q u i s i t i o n , land use r e s t r i c 
t i o n s , and zoning; and f e d e r a l , s t a t e , or l o c a l 
laws or p o l i c i e s . 

o Cost. Cost comparison i n v o l v e s the comparison of 
costs f o r each technology. The comparison r e f l e c t s 
r e l a t i v e r a t h e r than absolute costs and, wherever 
p o s s i b l e , takes i n t o account l i f e - c y c l e as w e l l as 
c a p i t a l c o s t s . A negative assessment i n d i c a t e s 
that a technology i s not c o s t - e f f e c t i v e r e l a t i v e 
to other technologies and a p o s i t i v e assessment 
i n d i c a t e s that a technology i s c o s t - e f f e c t i v e r e l 
a t i v e to other t e c h n o l o g i e s . 

The a p p l i c a b l e technologies are i n d i v i d u a l l y r ated by as
sessing, them wi t h regard to the above c r i t e r i a . The f o l 
lowing s c a l e i s used f o r r a t i n g the technologies on the 
summary t a b l e s : 

Rating D e f i n i t i o n 

Extremely negative e f f e c t s , even with 
m i t i g a t i n g measures; technology not 
worth f u r t h e r c o n s i d e r a t i o n 

Negative e f f e c t s that are not strong 
enough or c e r t a i n enough to be sole 
j u s t i f i c a t i o n f o r e l i m i n a t i n g a tech
nology; only moderate negative e f f e c t s 

o Of very l i t t l e apparent p o s i t i v e or 
negative e f f e c t , but i n c l u s i o n can be 
j u s t i f i e d f o r some s p e c i a l reason; 
l i t t l e change from e x i s t i n g c o n d i t i o n s 

+ A p o s i t i v e or moderately p o s i t i v e 
b e n e f i t 

++ An extremely p o s i t i v e b e n e f i t 

* Inappropriate to draw conclusions at 
t h i s p o i n t i n the e v a l u a t i o n process 
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DISCUSSION OF ASSESSED APPLICABLE REMEDIAL TECHNOLOGIES 

A p p l i c a b l e technologies have been organized by conceptual 
a l t e r n a t i v e . Each technology by i t s e l f does not address a l l 
p u b l i c h e a l t h impacts of the s i t e . To a l l o w c o n s i s t e n t 
r a t i n g s , each technology i s r a t e d r e l a t i v e to i t s impact or 
e f f e c t i v e n e s s i n a p p l i c a t i o n to a s p e c i f i c hazard. This 
assumes th a t concerns regarding s i t e hazards not addressed 
by a s i n g l e a c t i o n can p o t e n t i a l l y be m i t i g a t e d through 
implementation of other t e c h n o l o g i e s . The e f f e c t of com
b i n i n g technologies w i l l be considered i n subsequent 
chapters. Because a complete a n a l y s i s of the e f f e c t i v e n e s s 
of a technology r e q u i r e s t h a t i t s i n t e r a c t i o n w i t h other 
technologies be examined, t h i s chapter contains only general 
assessments of the remedial a c t i o n technologies. 

PRELIMINARY ASSESSMENT OF SURFACE WATER CONTROLS 

CAPPING 

The f o l l o w i n g capping technologies assume no s o i l removal, 
treatment, or other containment. Table E-5 shows the r e 
s u l t s of the p r e l i m i n a r y assessment of capping t e c h n o l o g i e s . 
Capping i s used to e l i m i n a t e human or animal contact w i t h 
contaminated s o i l s , to reduce water i n f i l t r a t i o n through 
contaminated s o i l s , and to e l i m i n a t e contaminant t r a n s p o r t 
by surface water runoff and airborne emissions. 

Sprayed Asphalt Membrane 

This technology i n v o l v e s surface grading and spray a p p l i c a 
t i o n of a 1/4- to 1/2-inch-thick l a y e r of asphalt to reduce 
i n f i l t r a t i o n and e l i m i n a t e v o l a t i l e and p a r t i c u l a t e emis
sions from the s o i l surface. I t r e q u i r e s minimal m a t e r i a l 
handling and a small labor f o r c e , and i s easy to implement. 
However, the membrane i s not very durable because i t does 
not a l l o w v e h i c u l a r t r a f f i c , i s p h o t o s e n s i t i v e , has poor 
weather r e s i s t a n c e , becomes b r i t t l e w ith age, and i s suscep
t i b l e to severe p r o g r e s s i v e c r a c k i n g . 

P o r t l a n d Concrete 

This technology i n v o l v e s surface grading and placement of a 
base course and a concrete s l a b w i t h r e i n f o r c i n g s t e e l to 
minimize i n f i l t r a t i o n and reduce emissions of v o l a t i l e s and 
p a r t i c u l a t e s from the surface s o i l . The technology i s dur
able and r e s i s t a n t to chemical and mechanical damage. How
ever, P o r t l a n d concrete i s s u s c e p t i b l e to c r a c k i n g from s e t 
tlement and shrinkage. I n s t a l l a t i o n r e q u i r e s the placement 
of forms and s t e e l and the making of expansion j o i n t s . 
Proper design and i n s t a l l a t i o n g e n e r a l l y r e s u l t s i n r e l a 
t i v e l y low maintenance c o s t s . 
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T a b l e E - 5 
P R E L I M I N A R Y ASSESSMENT OF SURFACE CAP TECHNOLOGIES 

Technology 

Sprayed 
Asphal t 

Eva lua t i on 

Techn ica l 
(see comment a.) 

Environmental , P u b l i c 
Hea l th and I n s t i t u t i o n a l 

(see comment b . ) 
Cost 

(see comment c . ) Comments 

Asphalt membrane i s not durable. 

Portland 
Cement 
Concrete 

Concrete cap i s r e l a t i v e l y expensive 
to i n s t a l l p r o p e r l y . 

Bituminous 
Concrete 
(Asphalt) 

a. Susceptible to cracking. 
b. Asphalt cap would allow future s i t e 

use. 

Gravel Over 
Ge o t e x t i l e 

Loam Over 
Synthetic 
Membrane Over 
Sand 

Durable cover which w i l l reduce 
dusting and withstand v e h i c u l a r 
t r a f f i c . 

Time consuming and d i f f i c u l t to 
implement. " S e l f - h e a l i n g " capacity of 
cla y i s not present. 

Loam Over Clay 

Loam Over Sand 
Over Synthetic 
Membrane Over 
Clay 

Although c o n s t r u c t i o n i s d i f f i c u l t and 
time consuming, t h i s cap i s more 
durable than other types of caps. 
C a p i t a l costs f o r t h i s type of cap are 
high. 
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Bituminous Concrete (Asphalt) 

This technology involves surface grading and placement of a 
base course and bituminous (asphalt) pavement to minimize 
i n f i l t r a t i o n . However, bituminous concrete i s s e m i f l e x i b l e , 
but i s s u s c e p t i b l e to cracking from settlement and shrinkage. 
Bituminous concrete i s s l i g h t l y p hotosensitive and tends to 
weather more r a p i d l y than Portland concrete. This weath
e r i n g g e n e r a l l y c o n t r i b u t e s to operation and maintenance 
expenses that are greater than f o r Portland concrete. 

Gravel Over G e o t e x t i l e 

This technology involves surface grading and compaction of 
native m a t e r i a l s to minimize i n f i l t r a t i o n and reduce p a r t i 
c u l a t e emissions from the s o i l surface. The surface i s 
covered with a g e o t e x t i l e and compacted gr a v e l to provide a 
f l e x i b l e surface course which can withstand heavy v e h i c u l a r 
t r a f f i c . 

Loam Over Clay 

This technology involves surface grading and the placement 
of compacted c l a y to minimize i n f i l t r a t i o n and e l i m i n a t e 
v o l a t i l e and p a r t i c u l a t e emissions from the s o i l surface. 
The c l a y i s covered with loam (top s o i l ) to c o n t r o l mois
tu r e , p r o t e c t the i n t e g r i t y of the c l a y l a y e r , and allow 
revegetation. The cap req u i r e s only two passes to con
s t r u c t , but i t contains only one impermeable l a y e r . The 
cl a y has some s e l f - h e a l i n g p r o p e r t i e s but i s subject to 
cracking due to d e s s i c a t i o n and w i l l not carry v e h i c u l a r 
t r a f f i c . 

Loam Over Synthetic Membrane Over Sand 

This technology involves grading and covering s i t e s o i l s 
with a blanket of sand o v e r l a i n with an impermeable synthet
i c membrane that i s covered by loam (top s o i l ) to pr o t e c t 
the s y n t h e t i c l i n e r and allow revegetation. The cap requires 
three passes to construct, and i t contains only one imper
meable l a y e r . The sy n t h e t i c membrane i s su s c e p t i b l e to 
punctures, c r a c k i n g , chemical degradation, and v e h i c u l a r 
t r a f f i c . 

Loam Over Sand Over Synthetic Membrane Over Clay 

This technology involves grading and covering s i t e s o i l s 
with compacted c l a y and an impermeable sy n t h e t i c membrane 
that i s covered by sand. Overlying t h i s sequence of mate
r i a l s i s loam (top s o i l ) to pr o t e c t the membrane and allow 
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revegetation. The technology takes advantage of the s e l f -
h e aling p r o p e r t i e s of c l a y and the impermeable nature of 
syn t h e t i c membrane at correspondingly higher c a p i t a l cost. 
V e hicular t r a f f i c would be r e s t r i c t e d . 

PRELIMINARY ASSESSMENT OF GROUNDWATER CONTROLS 

Table E-6 summarizes t h i s assessment. 

CONTAINMENT BARRIERS 

Reversed Gradient B a r r i e r Walls 

Impermeable b a r r i e r s can be used to d i v e r t groundwater flow 
away from a waste d i s p o s a l s i t e or to contain contaminated 
groundwater migrating from a contaminated area. When no 
impermeable l a y e r i s a v a i l a b l e to seal the base of a con
t a i n i n g w a l l , a reversed gradient can be induced to c o n t r o l 
v e r t i c a l migration of contaminants or groundwater. Methods 
and m a t e r i a l s used to construct reversed gradient b a r r i e r 
w a l l s are discussed i n the f o l l o w i n g sections. 

B a r r i e r w a l l s are gene r a l l y constructed from 5 to 40 feet 
deep. Since an impermeable layer i n which a b a r r i e r w a l l 
could be keyed i n t o has not been located at the Portland 
s i t e , a w a l l constructed to 40 feet could s t i l l allow f o r 
migration of contaminants through the bottom of the i s o l a 
t i o n zone (under the w a l l ) . This migration problem would be 
exacerbated at the Portland s i t e by seasonal f l u c t u a t i o n s i n 
the water t a b l e and contaminants that are heavier than water. 

A d d i t i o n a l remedial measures can be employed to mitigate the 
release of contaminants through the bottom of the i s o l a t i o n 
zone. These measures are based on the f a c t that the contam
inants present i n the alluvium w i l l tend to migrate i n the 
d i r e c t i o n of groundwater flow. One way to reduce the amount 
of groundwater flowing out of the i s o l a t i o n area and under 
the b a r r i e r w a l l i s to prevent i n f i l t r a t i o n of water i n t o 
the i s o l a t i o n area. An impermeable cover over the i s o l a t e d 
area would prevent rainwater from " f l u s h i n g the contaminants 
out of the i s o l a t e d alluvium. 

Another strategy i s to not only minimize flow out of the 
i s o l a t e d a l luvium, but to promote flow i n t o the i s o l a t e d 
zone. L a t e r a l contaminant migration against such a ground
water gradient would be qu i t e u n l i k e l y . One method f o r 
inducing t h i s h y d r a u l i c gradient i s to pump groundwater out 
of the alluvium i n s i d e the b a r r i e r w a l l . The groundwater 
would have to be treated and/or discharged to the c i t y sewer 
or the Willamette River. A containment system c o n s i s t i n g of 
a b a r r i e r w a l l and the pumping scheme j u s t described (result
ing i n a higher h y d r a u l i c head outside the w a l l than inside) 
i s c a l l e d a reverse gradient b a r r i e r w a l l . 
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T a b l e E - 6 
P R E L I M I N A R Y ASSESSMENT OF CONTAINMENT B A R R I E R TECHNOLOGIES 

E v a l u a t i o n 

Technology 

S o i l - B e n t o n i t e 
S l u r r y Wal l 

Techn ica l 
(see comment a.) 

Environmenta l , P u b l i c 
Heal th and I n s t i t u t i o n a l 

(see comment b . ) 
Cost 

(see comment c . ) 

Cement-
Bentoni te 
S l u r r y Wal l 

Comments 

a. Aquiclude i s approximately 100 feet 
beneath s i t e . P o s s i b i l i t y of chemical 
degradation of slurry wall. 

b. Due to deep aquiclude, complete 
containment i s very d i f f i c u l t . 

a. Aquiclude i s approximately 100 feet 
beneath s i t e . Cement-bentonite i s 
simpler to i n s t a l l than soil-bentonite. 
P o s s i b i l i t y of chemical degradation of 
slurry wall. 

b. Due to deep aquiclude, complete 
containment i s very d i f f i c u l t . 

c. More expensive then soil-bentonite 
slurry wall. 

Sheet-piling 

Grout Curtain 

b. 

Barrier i s thin. Effectiveness 
of j o i n t seal i s d i f f i c u l t to 
determine. Susceptible to chemical 
attack. P o s s i b i l i t y of wall corrosion. 

Determining effectiveness of grout 
curtain would be d i f f i c u l t . Possi
b i l i t y of chemical degradation of 
curtain. 
Due to the depth of the aquiclude, 
complete containment i s very 
d i f f i c u l t . 
Relatively high material costs. 
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whether a h y d r a u l i c gradient i s induced or not, some pumping 
of groundwater w i t h i n the b a r r i e r w a l l i s required. The 
h y d r a u l i c a l l y barricaded alluvium can be described as a 
bathtub. Should the "bathtub" f i l l with water (from seasonal 
changes i n the groundwater table or from i n f i l t r a t i o n of 
p r e c i p i t a t i o n ) and begin to overflow, escaping groundwater 
w i l l transport contaminants i n t o the environment. Thus, 
some groundwater pumping i s a required feature of any b a r r i e r 
wall/contaminant i s o l a t i o n scheme. 

The types of b a r r i e r w a l l s most often used i n groundwater 
c o n t r o l include s l u r r y w a l l s , grout and polymer w a l l s , and 
sheet p i l e w a l l s . 

Sheet P i l i n g 

The c o n s t r u c t i o n of a sheet p i l i n g c u t - o f f w a l l involves 
d r i v i n g i n t e r l o c k i n g p i l e s i n t o the ground with a s u i t a b l e 
p i l e d r i v e r . P i l e s are u s u a l l y 4 to 40 feet long and 15 to 
20 inches wide. P r i o r to d r i v i n g the sheet p i l i n g w a l l , the 
p i l e s are assembled at t h e i r edge i n t e r l o c k s . The p i l e s are 
then dri v e n a few feet at a time over the e n t i r e length of 
the w a l l . Damage to the sheet p i l e s can r e s u l t from d r i v i n g 
them through s o i l containing g r a v e l , cobbles, and boulders, 
or i n t o bedrock. 

Sheet p i l e s can be made of wood, precast concrete or s t e e l . 
Wood i s an i n e f f e c t i v e water b a r r i e r however, and concrete 
i s used p r i m a r i l y where great strength i s required. S t e e l 
i s u s u a l l y the most e f f e c t i v e i n terms of groundwater c u t - o f f 
and cost. 

When f i r s t placed, s t e e l p i l i n g c u t - o f f s are also permeable. 
The edge i n t e r l o c k s are i n i t i a l l y loose, but with time they 
f i l l with f i n e s o i l p a r t i c l e s which eventually plug the i n t e r 
l o c k s . The time required to s e a l the i n t e r l o c k s depends on 
the texture of the s o i l . In coarse, sandy s o i l s , the w a l l 
may never s e a l . 

Grout Curtain 

Grouting i s the pressure i n j e c t i o n of cementing or poly
merizing f l u i d s i n t o a rock or s o i l body to s e a l and 
strengthen i t . Once i n place, these f l u i d s set or g e l i n t o 
the rock and s o i l v o i ds, g r e a t l y reducing the permeability 
of the grouted mass. Because a grout c u r t a i n can be three 
times as c o s t l y as a s l u r r y w a l l , i t i s r a r e l y used when 
groundwater has to be c o n t r o l l e d i n s o i l or loose overburden. 

Bentonite S l u r r y Walls 

Bentonite s l u r r y w a l l s have been demonstrated to be e f f e c 
t i v e at i s o l a t i n g contamination i n a number of contaminant 
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migration m i t i g a t i o n a p p l i c a t i o n s . A s l u r r y w a l l i s an 
impermeable b a r r i e r composed of bentonite, native s o i l s , and 
small amounts of cement. The w a l l i s constructed i n a 
trench one to 5 feet wide that i s kept open with a bentonite/ 
water s l u r r y . As excavation proceeds, the trench i s back
f i l l e d w ith an e s s e n t i a l l y impermeable bentonite/soil/cement 
mixture that s t a b i l i z e s i n time to form the b a r r i e r . 

C o m p a t i b i l i t y of bentonite s l u r r y and the contaminants i s an 
important issue i n the a p p l i c a t i o n of s l u r r y w a l l s to haz
ardous waste containment. The s l u r r y must not break down or 
change permeability c h a r a c t e r i s t i c s . C o m p a t i b i l i t y t e s t s 
have been conducted by Canonie Engineers using contaminated 
water from other wood t r e a t i n g p l a n t s and bentonite s l u r r y 
with no observable change i n p h y s i c a l or h y d r a u l i c charac
t e r i s t i c s . Further t e s t i n g would have to be conducted to 
determine c o m p a t i b i l i t y of McCormick and Baxter water and 
o i l s with the bentonite s l u r r y . 

A cement-bentonite s l u r r y w a l l i s a v a r i a n t of the above 
that uses concrete instead of a bentonite/soil/cement mix
ture to d i s p l a c e the s l u r r y . A cement-bentonite s l u r r y w a l l 
i s more expensive, but requires l e s s space to construct and 
involves l e s s complicated c o n s t r u c t i o n techniques. 

GROUNDWATER PUMPING 

Groundwater e x t r a c t i o n w e l l s can be located to i n t e r c e p t 
o f f s i t e movement or to reverse the d i r e c t i o n of migration. 
Pumping requirements are determined by s i t e hydrology, and 
sampling data r e v e a l the extent of contamination and l i k e l y 
w e l l l o c a t i o n s and depth. Depending on con s t i t u e n t concen
t r a t i o n s i n the pumped water and discharge standards, t r e a t 
ment may be necessary. However, even i f needed i n i t i a l l y , 
i t should be noted that treatment requirements diminish with 
time as the contamination i n groundwater and s o i l i s flushed 
and d i l u t e d by the i n f l u x of clean background groundwater. 

Groundwater pumping would a l s o be required f o r any s o i l ex
cavation at or below the groundwater t a b l e . Due to s o i l 
p e r m e a b i l i t y , a s i g n i f i c a n t drawdown of the groundwater 
ta b l e would re q u i r e extensive pumping. 

Well Points 

Well points are a common method of dewatering excavations 
and are used i n groundwater pumping networks. A w e l l point 
system ge n e r a l l y c o n s i s t s of a s e r i e s of c l o s e l y spaced 
small-diameter w e l l s , u s u a l l y interconnected by a header 
pipe or a manifold. Pumps commonly used i n w e l l point sys
tems include suction pumps, j e t e j e c t o r pumps, and sub
mersible pumps. Well points are best s u i t e d f o r use i n low-
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T a b l e E - 7 
P R E L I M I N A R Y ASSESSMENT OF GROUNDWATER PUMPING TECHNOLOGIES 

Technology 

Wel l Po in t s w/ 
Suc t ion 
Pump System 

Eva lua t i on 

Techn ica l 
(see comment a.) 

Environmenta l , P u b l i c 
Hea l th and I n s t i t u t i o n a l 

(see comment b . ) 
Cost 

(see comment c . ) Comments 

a. Less expensive than other pumping 
systems. 

Well Points w/ 
Jet Ejector 
Pump System 

a. Jet ejector pumps can l i f t water from 
greater depths than can suction pumps. 

Well Points w/ 
Submersible 
Pump System 

a. Requires e l e c t r i c a l power to many pumps. 
b. Higher O&M and capital costs than other 

well point pumping systems. 

Deep Wells 
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Larger pumped volume than other 
pumping systems for a given drawdown. 
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p r m e a b i l i t y s o i l s . Well points can be used at a v a r i e t y of 
depths, depending upon the type of pump used. 

Suction Pumps. In a su c t i o n pump system, each w e l l point i s 
connected to a c e n t r a l c e n t r i f u g a l suction pump. The w e l l 
points are u s u a l l y spaced from 2 to 6 feet apart, depending 
on the permeability of the saturated s o i l and on the desired 
depth of drawdown. The maximum e f f e c t i v e l i f t t h at can be 
generated by a suctio n pump system i s approximately 15 f e e t . 

J e t E j e c t o r Pumps. J e t e j e c t o r pumps are used i n deeper 
w e l l point systems r e q u i r i n g a greater l i f t than can be 
d e l i v e r e d by a su c t i o n pump system. Jet e j e c t o r pumps can 
l i f t water from depths of 100 fee t or more. The j e t e j e c t o r 
system requires an a d d i t i o n a l u n i t to r e c i r c u l a t e water 
through the pump. 

Submersible Pumps. Submersible pumps are c e n t r i f u g a l pumps 
placed i n s i d e each w e l l casing below the water l e v e l . They 
require a 3-inch minimum w e l l diameter. The l i f t c a p a b i l i 
t i e s of submersible pumps are g e n e r a l l y l i m i t e d only by the 
s i z e of the pump that w i l l f i t i n a given w e l l . 

Deep Wells 

Deep w e l l s are g e n e r a l l y considered to be higher-capacity 
s i n g l e - u n i t w e l l s screened at greater depths than those 
found i n a w e l l p o i n t system. Submersible pumps and v e r t i 
c a l turbine pumps are commonly used i n deep w e l l s . Deep 
w e l l s are ge n e r a l l y best s u i t e d f o r use i n higher-permeability 
s o i l s because of the need f o r a f a i r l y large zone of influ e n c e 
f o r each w e l l . 

PRELIMINARY ASSESSMENT OF WASTE AND SOIL 
EXCAVATION AND REMOVAL 

Waste and s o i l excavation and removal technologies are cate
gorized by the procedures and equipment that are used (Table E-8) 
The assessment of waste and s o i l excavation and removal tech
nologies assumes that excavated m a t e r i a l i s disposed of at a 
RCRA-permitted and -compliant l a n d f i l l . This assessment i s 
provided f o r consistency i n t h i s a n a l y s i s ; the choice of 
excavation methods i s ge n e r a l l y made by the cont r a c t o r . 

Backhoes, front-end loaders, and scrapers have a l l been used 
fo r excavations. 

PRELIMINARY ASSESSMENT OF CONTAMINATED SEDIMENTS 
REMOVAL AND CONTAINMENT 

The f o l l o w i n g technologies f o r the removal of contaminated 
sediments underwater are assessed i n Table E-9. I t i s al s o 
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T a b l e E - 8 

P R E L I M I N A R Y ASSESSMENT OF S O I L E X C A V A T I O N TECHNOLOGIES 

E v a l u a t i o n Environmenta l , P u b l i c 
Techn ica l Hea l th and I n s t i t u t i o n a l Cost 

Technology (see comment a.) (see comment b.) (see comment c . ) Comments 

Backhoe + o o a . R e l i a b l e technology. 

Front-end o o o 
Loaders 

Scrapers - - o a ,b . E f f e c t i v e on ly f o r ons i t e s o i l movement. 
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Technology 

T a b l e E - 9 

P R E L I M I N A R Y ASSESSMENT OF SEDIMENT REMOVAL TECHNOLOGIES 

Eva lua t i on 

T e c h n i c a l 
(see comment a.) 

Environmenta l , P u b l i c 
Heal th and I n s t i t u t i o n a l 

(see comment b . ) 
Cost 

(see comment c . ) Comments 

1. Mechanical 
Dredging 

Clamshell 

Dragline 

Backhoe 

2. Hydraulic 
Dredging 

P l a i n Suction 

Cutterhead 

Dustpan 

3. Pneumatic 
Dredging 

A i r l i f t 

Oozer 

/CVR64/043 

a. R e l a t i v e l y easy to implement. 
b. Increases the t u r b i d i t y of the 

creek flow. 

a. R e l a t i v e l y easy to implement. 
b. Increases the t u r b i d i t y of the 

creek flow. 

a. R e l a t i v e l y easy to implement. 

Results i n the removal of large 
q u a n t i t i e s of p o t e n t i a l l y 
contaminated surface water which 
then must be treated or disposed 
of. 

Results i n the removal of large 
q u a n t i t i e s of p o t e n t i a l l y 
contaminated surface water which 
then must be trea t e d or disposed 
of. 



assumed that the excavated sediments w i l l be disposed of at 
a RCRA-permitted l a n d f i l l . 

MECHANICAL DREDGING 

Mechanical dredging technologies include the use of clam
s h e l l s , d r a g l i n e s , and backhoes. Mechanical dredging tech
nologies are e a s i e r to implement than are other types of 
dredging, minimize the mixing of water with the sediments, 
and they do not require the treatment or d i s p o s a l of large 
q u a n t i t i e s of p o t e n t i a l l y contaminated surface water. The 
use of clamshells and d r a g l i n e s w i l l r e s u l t i n some suspen
sion of sediments, with backhoes causing the l e a s t d i s t u r 
bance. 

HYDRAULIC DREDGING 

Hydraulic dredging technologies involve the pumping of s e d i 
ments and some water and the subsequent separation and d i s 
posal of the sediments and water. Hydraulic dredging tech
nologies include the use of suction devices, cutterheads, 
and dustpans. These technologies would remove the s e d i 
ments; however, they would be d i f f i c u l t to implement because 
of the need f o r sedimentation basins and f o r d i s p o s a l and 
treatment of the water. 

PNEUMATIC DREDGING 

Pneumatic dredging technologies involve the use of a i r to 
induce an upward flow of a i r , water, and sediments. Pneu
matic dredging technologies include the use of a i r l i f t s and 
oozers. Large amounts of water are removed along with the 
sediments. That water must then be treated or otherwise 
disposed of. 

PRELIMINARY ASSESSMENT OF IN SITU TREATMENT METHODS 

The f o l l o w i n g assessment of i n s i t u s o i l treatment technol
ogies assumes that the process i s implemented with no s o i l 
removal, other treatment, or containment technologies. This 
s i m p l i f i e d overview i s u s e f u l i n determining i f the tech
nology has any a p p l i c a t i o n f o r the s i t e . The determination 
of whether an i n s i t u treatment technology would be func
t i o n a l l y u s e f u l f o r a c t u a l s i t e cleanup requires a fur t h e r 
e v a l u a t i o n of how i t can or cannot be e f f e c t i v e l y combined 
with other technologies. A preliminary assessment of these 
methods i s presented i n Table E-10. 

HYDROLYSIS 

Hydrolysis i s a chemical r e a c t i o n i n which water reacts with 
another substance to form two or more new substances. I t 
involves the i o n i z a t i o n of the water molecule as w e l l as the 
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Table E-10 
PRELIMINARY ASSESSMENT OF IN SITU TREATMENT TECHNOLOGIES 

Evaluation 

Technology 

Hydrolysis 

Technical 
(see comment a.) 

Environmental, Public 
Health and In s t i t u t i o n a l 

(see comment b.) 
Cost 

(see comment c.) 

Oxidation 

V i t r i f i c a t i o n 

Reduction 

S o i l Aeration 

Solvent 
Flushing 

Comments 

a. Very d i f f i c u l t to implement without 
heat or catalysis. 

b. May result in hazardous side re
actions. May worsen existing ground
water contamination problem. 

a. Very d i f f i c u l t to implement on a heter
ogeneous system. 

b. May result i n hazardous side reactions. 

a. Technology i s s t i l l developmental. I t 
has not been demonstrated on a f i e l d 
scale operation. 

a. Very d i f f i c u l t to implement on a 
heterogeneous system. 

b. May result i n hazardous side reactions. 

a. Very d i f f i c u l t to implement on deep 
sub-surface contamination. 

b. May result i n a gas migration 
problem. 

a. Solvents may not leach through the 
entire zone of contamination. 

b. Technology involves the use of 
potentially hazardous compounds. The 
solvents may actually contribute to 
the sub-surface contamination 
problem. 

c. Technology solubilizes constituents 
which were adsorbed onto the s o i l . 



Table E-10 
PRELIMINARY ASSESSMENT OF IN-SITU TREATMENT TECHNOLOGIES 

(continued) 

Technology 

Evaluation 

Technical 
(see comment a.) 

Environmental, P u b l i c 
Health and I n s t i t u t i o n a l 

(see comment b.) 
Cost 

(see comment c.) Comments 

N e u t r a l i z a t i o n Very d i f f i c u l t to implement on a 
heterogeneous system. 
Involves the a d d i t i o n of p o t e n t i a l l y 
hazardous compounds to the zone of 
contamination. 

Polymerization P r o h i b i t i v e l y d i f f i c u l t to implement 
on a heterogeneous, uncontrolled 
system. 

Bioreclamation ++ Most e f f e c t i v e at low to moderate 
concentrations. May require a d d i t i o n 
of n u t r i e n t s , oxygen, and supple
mental carbon source. 

Permeable 
Treatment 
Beds 

a. Technology requires shallow 
impermeable s t r a t a or l i n e r to be 
e f f e c t i v e . 

S o l i d i f i c a t i o n a. Long-term r e l i a b i l i t y has not been 
demonstrated f o r t h i s a p p l i c a t i o n . 
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s p l i t t i n g of the compound hydrolyzed. I t i s e f f e c t i v e i n 
degrading some organic compounds, i o n i c s a l t s , and organo-
m e t a l l i c compounds but i s not an e f f e c t i v e treatment f o r 
metals. In a d d i t i o n , some type of c a t a l y s t or heat a d d i t i o n 
i s required f o r many of the d e s i r e d r e a c t i o n s . 

OXIDATION 

Oxidation i n v o l v e s the t r a n s f e r of electrons from contami
nant compounds to d e s i r e d o x i d i z i n g agents. Cyanide and 
organic compounds such as phenols, a l c o h o l s , and p e s t i c i d e s 
can be o x i d i z e d . Ozone, hydrogen peroxide, and c h l o r i n e are 
the major o x i d i z i n g agents used to t r e a t waste. Oxidation 
can be used to t r e a t a diverse range of organic wastes. 
Oxidation i s d i f f i c u l t to implement i n the s o l i d phase due 
to the need f o r the d i f f u s i o n of the o x i d i z i n g agent. 

VITRIFICATION 

In s i t u v i t r i f i c a t i o n i n v o l v e s the melting of waste and s o i l 
i n place to bind the waste i n a glassy s o l i d matrix. The 
melting i s done by passing an e l e c t r i c current through the 
contaminated s o i l s . Some organics would be destroyed by the 
high operating temperature. In s i t u v i t r i f i c a t i o n , although 
s t i l l i n development, i s t h e o r e t i c a l l y a p p l i c a b l e to a wide 
range of s o i l contamination problems, i n c l u d i n g inorganic 
contamination. Control of a i r emissions and side reactions 
during the heating process may be a problem. 

REDUCTION 

Reduction involves the t r a n s f e r of e l e c t r o n s from reducing, 
agents to contaminant compounds. Reduction i s most often 
used to convert hexavalent chromium to i t s t r i v a l e n t form. 
Reduction i s d i f f i c u l t to implement i n the s o l i d phase and 
i s not compatible with o x i d a t i o n processes that may be 
required to t r e a t other s i t e contaminants. 

SOIL AERATION 

S o i l a eration i n v o l v e s the " s a t u r a t i o n " of s o i l with a i r or 
some s i m i l a r gas. I t i s g e n e r a l l y used f o r surface or near-
surface a p p l i c a t i o n s . I t i s d i f f i c u l t to aerate subsurface 
s o i l s . S o i l a e r a t i o n i s very e f f e c t i v e treatment f o r v o l a 
t i l e organic contamination but i s not a p p l i c a b l e f o r other 
types of contamination. 

SOLVENT FLUSHING 

Solvent f l u s h i n g involves the use of a solvent to e x t r a c t 
contaminants from s o i l s . The e l u t r i a t e i s then gathered by 
w e l l s or w e l l points and the hazardous c o n s t i t u e n t s are 
treated and/or disposed. T y p i c a l solvents used are water. 
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a c i d s , ammonia, and c h e l a t i n g agents. In s i t u solvent ex
t r a c t i o n of hazardous wastes has not been demonstrated. In 
a d d i t i o n , solvent f l u s h i n g i s d i f f i c u l t to implement on 
non-homogeneous wastes. To t a l containment of the solvent 
waste stream would be extremely d i f f i c u l t . 

NEUTRALIZATION 

N e u t r a l i z a t i o n i s a process used to adjust the pH of a waste 
stream. N e u t r a l i z a t i o n i s accomplished by adding a c i d i c ma
t e r i a l to a l k a l i n e wastes and a l k a l i n e m a t e r i a l to a c i d i c 
wastes. N e u t r a l i z a t i o n techniques are often used to allow 
the use of other treatment technologies. N e u t r a l i z a t i o n i s 
an a p p l i c a b l e treatment f o r areas of extreme pH, but would 
be d i f f i c u l t to implement on i n - s i t u s o i l s . 

POLYMERIZATION 

Polymerization involves the conversion of hazardous monomer 
compounds to nonhazardous and s t a b l e polymers. Polymeri
z a t i o n i s a p p l i c a b l e to many organic compounds; however, 
each compound requires a d i f f e r e n t and rather r e f i n e d poly
merizing technique. Polymerization i s not an applicabl'e 
treatment f o r inorganic contamination, and therefore i s not 
a p p l i c a b l e to many of the c o n s t i t u e n t s . 

BIODEGRADATION 

Biodegradation involves the use of microoganisms f o r i n s i t u 
treatment of waste m a t e r i a l . The microorganisms break down 
compounds v i a metabolic a c t i v i t y . Biodegradation can be e f 
f e c t i v e i n t r e a t i n g a wide range of organic contamination 
but i s i n e f f e c t i v e i n t r e a t i n g inorganic c o n t a m i n a t i o n T h e 
microorganisms must be adapted f o r s p e c i f i c contaminants by 
p i l o t - s c a l e t e s t i n g . Biodegradation i s more d i f f i c u l t "to 
apply to deep subsurface contamination or multi-compound 
contamination. 

PERMEABLE TREATMENT BEDS 

Permeable treatment beds involve the use of trenches f i l l e d 
w i th a r e a c t i v e permeable medium to act as an underground 
re a c t o r . They are used to t r e a t contaminated groundwater or 
leachate v i a the p r e c i p i t a t i o n process. Permeable treatment 
beds are a p p l i c a b l e i n r e l a t i v e l y shallow a q u i f e r s , since 
the trench must be constructed down to an impermeable l a y e r . 
They can also be constructed with granular m a t e r i a l l a i d 
over an impervious l i n e r . 

The m a t e r i a l s used i n permeable bed reactors include: 

o Limestone or crushed s h e l l f o r metals removal 
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o A c t i v a t e d carbon f o r nbnpolar organics removal 

o A l a u c o n i t i c green sand f o r heavy metals removal 

o Z e o l i t e s and s y n t h e t i c i o n exchange r e s i n s to r e 
move s o l u b i l i z e d heavy metals 

o Sodium h y p o c h l o r i t e to remove cyanide 

Because of the v a r i e d nature of the c o n s t i t u e n t s o n s i t e and 
the lack of a s u i t a b l e area, i t would be extremely d i f f i c u l t 
to employ t h i s technology e f f e c t i v e l y . 

SOLIDIFICATION/STABILIZATION 

S t a b i l i z a t i o n i s the use of chemical f i x a n t s to p h y s i c a l l y 
s t a b i l i z e contaminated s o i l s . The chemical f i x a n t s are ap
p l i e d through probes that can be d r i l l e d up to 45 feet i n t o 
the s o i l . Few chemical s t a b i l i z a t i o n s have been done and 
the technology i s unproven. S o l i d i f i c a t i o n i nvolves the use 
of m a t e r i a l s to absorb l i q u i d and/or to s o l i d i f y the matrix. 
For both s t a b i l i z a t i o n and s o l i d i f i c a t i o n , t e s t i n g must be 
done to determine the l e a c h a b i l i t y of the f i n a l product.. 

PRELIMINARY ASSESSMENT OF TREATMENT OF 
AQUEOUS AND LIQUID WASTE STREAMS 

I n d i v i d u a l treatment technology assessments are based on how 
w e l l the technologies remove the s p e c i f i c contaminants f o r 
which they are designed and on whether they i n t e r f e r e with 
the implementation of any other technology (see Table E-11). 

AEROBIC BIOLOGICAL TREATMENT SYSTEMS 

B i o l o g i c a l treatment systems are u s u a l l y c l a s s i f i e d on the 
basis of whether they are aerobic or anaerobic. By d e f i n 
i t i o n , aerobic treatment systems r e q u i r e a i r to functi o n 
while anaerobic treatment systems funct i o n i n the absence of 
a i r . 

Aerobic treatment systems include the f o l l o w i n g technologies; 

o Ac t i v a t e d sludge 

o T r i c k l i n g f i l t e r s 

o Aerated lagoons 

o Waste s t a b i l i z a t i o n 
anaerobic) 

ponds (both aerobic and 

o Rotating b i o l o g i c a l d i s c s 
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Table E-11 
PRELIMINARY ASSESSMENT OF GROUNDWATER TREATMENT TECHNOLOGIES 

Evaluation 

Technology 
Technical 

(see comment a.) 

Environmental, P u b l i c 
Health and I n s t i t u t i o n a l 

(see comment b.) 

Operating Cost 
(see comment c.) 

C a p i t a l Cost 
(see comment c.) 

Aerobic Treatment 
Systems 

Acti v a t e d 
Sludge 

Comments 

a. Well proven technology. 
b. Removes many t o x i c 

compounds. 
c. Low operating, high 

c a p i t a l c o s t . 

T r i c k l i n g 
F i l t e r s 

c. Low operating, high 
c a p i t a l c o s t . 

Aerated 
Lagoon 

a. 

b. 

Requires operating area 
l a r g e r than s i t e . 
Large, open area of 
hazardous materials 
during operation. 
High c a p i t a l , low 
operating c o s t s . 

Waste 
S t a b l i z a t i o n 
Ponds 

Same comments as f o r 
aerated lagoons. 

Rotating B i o 
l o g i c a l Discs 

H i s t o r i c a l l y has had 
operating d i f f i c u l t i e s . 
Process i s s e l f -
contained. Removes 
most organics. 
Low operating, high 
c a p i t a l c o s t s . 

F l u i d i z e d Bed 
Bioreactors 

Same consideration as f o r 
r o t a t i n g b i o l o g i c a l d i s c s . 
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Table E-11 
PRELIMINARY ASSESSMENT OF GROUNDWATER TREATMENT TECHNOLOGIES 

(continued) 

Evaluation 

Technology 
Technical 

(see comment a.) 

Environmental, Public 
Health and Ins t i t u t i o n a l 

(see comment b.) 
Operating Cost 
(see comment c.) 

Capital Cost 
(see comment c.) Comments 

Anaerobic Treatment 
Systems 

c. 

Sensitive to 
heavy metals. 
High c a p i t a l , high 
energy costs. 

Chemical Treatment 
Techniques 

Neutraliza
tion 

++ a. Relatively easy to 
implement. Well proven 
technology. 

Precipitation ++ a. 

c. 

Well proven for the re
moval of heavy metals. 
High c a p i t a l , low 
operating costs. 

Organic 
Chemical 
Oxidation 

c. 

Well proven for the re
moval of some organics. 
Destroys hazardous 
material. 
Low c a p i t a l , high 
operating costs. 

Hydrolysis 



Table E-11 
PRELIMINARY ASSESSMENT OF GROUNDWATER TREATMENT TECHNOLOGIES 

(continued) 

Technology 

Flow 

E q u a l i z a t i o n 

Evaluation 
Environmental, P u b l i c 

Technical Health and I n s t i t u t i o n a l Operating Cost C a p i t a l Cost 
(see comment a.) (see comment b.) (see comment c.) (see comment c.) 

++ 

Comments 

Easy to implement. 
Required f o r many 
processes. 
Low maintenance cos t s . 

Coagulation/ 
F l o c c u l a t i o n 

Sedimentation 

No suspended s o l i d s i n 
groundwater. Technology 
i s not d i r e c t l y a p p l i 
cable . 
Technology i s not ap
p l i c a b l e f o r s i t e . 

Membrane Processes 

NOTE: Both sedimenta
t i o n and f l o c c u l a t i o n 
are used as part of 
p r e c i p i t a t i o n tech
nology. 

A c t i v a t e d 
Carbon ++ Removes most organic 

compounds. 
Uses large amounts of 
carbon. 

Reverse 
Osmosis Expensive equipment 

and pretreatment 
needed. Process i s 
power i n t e n s i v e . 



Table E-11 
PRELIMINARY ASSESSMENT OF GROUNDWATER TREATMENT TECHNOLOGIES 

(continued) 

Technology 

Evaluation 

Technical 
(see comment a.) 

Environmental, P u b l i c 
Health and I n s t i t u t i o n a l Operating Cost 

(see comment b.) (see comment c.) 
C a p i t a l Cost 

(see comment c.) Comments 

E l e c t r o d i a l y s i s Expensive equipment. 
Pretreatment i s 
needed. Process i s 
power i n t e n s i v e . 

U l t r a f i l t r a t i o n Expensive equipment 
and pretreatment i s 
needed. 

L i q u i d / L i q u i d 
E x t r a c t i o n a. 

b. 

c. 

Organics concentration 
may be too low f o r 
e f f i c i e n t operation. 
Process uses p o t e n t i 
a l l y hazardous solvents. 
Requires expensive 
equipment and uses large 
amounts of chemicals. 

Oil-Water 
Separator 

++ 

F i l t r a t i o n No suspended s o l i d s i n 
groundwater. Technol
ogy i s not d i r e c t l y 
a p p l i c a b l e . May be 
required as p r e t r e a t 
ment. 
Very low operating 
cos t s . 



Table E-11 
PRELIMINARY ASSESSMENT OF GROUNDWATER TREATMENT TECHNOLOGIES 

(continued) 

Technology 

Evaluation 

Technical 
(see comment a.) 

Environmental, P u b l i c 
Health and I n s t i t u t i o n a l 

(see comment b.) 
Operating Cost 
(see comment c.) 

C a p i t a l Cost 
(see comment c.) Comments 

Dissolved 
A i r 
F l o t a t i o n 

Not a p p l i c a b l e . 

O f f s i t e Treatment 
at a Commercial 
F a c i l i t y 

No e x i s t i n g nearby 
f a c i l i t i e s to handle 
contaminants. 
User fees and transporta
t i o n costs to commercial 
f a c i l i t i e s are u s u a l l y 
very high. 
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o F l u i d i z e d bed b i o r e a c t o r s (may be aerobic or 
anaerobic) 

Aerobic treatment systems remove biodegradable organic com
pounds, bioadsorb a l i m i t e d amount of metals and nondegrad-
able organic compounds, and o x i d i z e reduced compounds. 
Penta and creosote have been shown to be very biodegradable 
i n c o n t r o l l e d systems with uniform feedstreams. Each of the 
aerobic b i o l o g i c a l processes w i l l perform g e n e r a l l y the same 
fun c t i o n s ; however, each process may be more or l e s s e f f i 
c i e n t f o r a p a r t i c u l a r a p p l i c a t i o n and w i l l normally require 
bench t e s t i n g to optimize the s e l e c t i o n . 

Only b i o l o g i c a l treatment i s able to convert the wood-
t r e a t i n g chemicals to innocuous end-products and to e f f e c t 
safe ultimate d i s p o s a l . In f a c t , the advantages afforded by 
the u l t i m a t e biodegradation of p o t e n t i a l l y hazardous com
pounds has made EPA and the Congressional O f f i c e of Tech
nology Assessment (OTA) encourage the use of b i o l o g i c a l 
treatment where p r a c t i c a l and have l a b e l l e d i t as an innova
t i v e technology f o r hazardous wastes. 

Researchers have demonstrated 99+ percent removal e f f i 
c i e n c i e s under c o n t r o l l e d aerobic and a l s o anerobic con
d i t i o n s . The s t a b i l i t y of the b i o l o g i c a l process has been 
shown to be f u r t h e r enhanced by attenuation with other 
wastestreams. 

Onsite treatment would not b e n e f i t from attenuation and 
therefore would be more s e n s i t i v e to high-strength shock 
loads. However, any o n s i t e b i o l o g i c a l treatment system 
would need such a large land area that EPA chose not to r e 
quire t h e i r i n s t a l l a t i o n o n s i t e i n t h e i r 1979 Development 
Document f o r Timber Products Processing. 

Discharge to a POTW has many advantages where i t i s v i a b l e . 
I t i s the standard p r a c t i c e f o r the treatment of biodegrad
able wastewaters and o f f e r s the advantages of s u b s t a n t i a l 
a t t e n u a t i v e c a p a c i t y , l i t t l e s p a t i a l requirement, substan
t i a l economies-of-scale, and r e l i a b i l i t y over an o n s i t e 
treatment system. The degradation of phenol and penta has 
a l s o been shown to be more complete than normal domestic 
sewage. L a s t l y , the combination of aerobic degradation plus 
anaerobic sludge d i g e s t i o n found at many POTW's, would 
assure an extremely high d e s t r u c t i o n e f f i c i e n c y . Each pro
cess has been shown to be capable of 99-percent removal 
e f f i c i e n c i e s , and t h e i r s e r i e s a p p l i c a t i o n would f u r t h e r 
improve the s i n g u l a r removal e f f i c i e n c i e s . 

A c t i v a t e d Sludge 

This technology i s an e f f e c t i v e way to remove most organic 
compounds, provided that a uniform feed strength i s 
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maintained. Attenuation with other wastes i s often b e n e f i 
c i a l i n p r o v i d i n g n u t r i e n t s and system dampening. 

T r i c k l i n g F i l t e r s 

T r i c k l i n g f i l t e r s are media-packed columns s i m i l a r to a c t i 
vated sludge i n the removal of organic compounds, but w i l l 
often have lower removal e f f i c i e n c i e s and be more prone to 
nonuniform loading. 

Aerated Lagoons 

Aerated lagoons are large complete-mixed basins i n which 
organic wastes are biodegraded by organisms s i m i l a r to an 
a c t i v a t e d sludge system. The large basin volume helps to 
dampen feedstream v a r i a t i o n s . 

Waste S t a b i l i z a t i o n Ponds 

Waste s t a b i l i z a t i o n ponds are s i m i l a r to aerated lagoons 
except that a i r i s not a r t i f i c i a l l y d i f f u s e d . Waste s t a b i 
l i z a t i o n ponds req u i r e the l a r g e s t land area of any of the 
b i o l o g i c a l systems. ";; 

Rotating B i o l o g i c a l Disks 

The r o t a t i n g b i o l o g i c a l d i s k technology t r e a t s organic 
wastes by f i x e d - f i l m b i o l o g i c a l growth. The b i o l o g i c a l mass 
i s contained on a s e r i e s of d i s k s . These disks are p a r t i a l 
l y immersed i n a tank containing the waste m a t e r i a l . The 
d i s k s are then r o t a t e d , p r o v i d i n g a l t e r n a t e immersion and 
a e r a t i o n . This technology i s the most s e n s i t i v e to'feed-
stream v a r i a t i o n s . 

F l u i d i z e d Bed Bioreactors 

This technology implements the processes of b i o l o g i c a l 
treatment by using a f l u i d i z e d bed reactor. A f l u i d i z e d bed 
reactor i s a s o l i d phase r e a c t o r . The reactor medium i s 
u s u a l l y some type of f i n e l y powdered or granular m a t e r i a l . 
A i r or water i s passed through the reactor medium, c r e a t i n g 
a f l u i d i z e d e f f e c t . As with most b i o l o g i c a l treatment pro
cesses, f l u i d i z e d bed b i o r e a c t o r s are more e f f e c t i v e t r e a t 
ing organic contamination than inorganic contamination. 

ANAEROBIC BIOLOGICAL TREATMENT SYSTEMS 

Anaerobic treatment systems remove organic compounds by bac
t e r i a l conversion to carbon d i o x i d e , methane, and sometimes 
hydrogen s u l f i d e . Anaerobic treatment systems w i l l destroy 
biodegradable compounds. The methane gas produced can be 
recovered f o r u s e f u l a p p l i c a t i o n s . Anaerobic systems 
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require long detention times and are c a p i t a l i n t e n s i v e t r e a t 
ment systems. 

NEUTRALIZATION 

N e u t r a l i z a t i o n i s used to t r e a t waste streams that are a l 
k a l i n e or a c i d i c i n order to meet pH discharge standards. 
N e u t r a l i z a t i o n i s often used i n conjunction with other 
treatment technologies as a pre-treatment or post-treatment 
remedial a c t i o n . N e u t r a l i z a t i o n i s implemented by adding 
a c i d i c reagents to a l k a l i n e streams or by adding a l k a l i n e 
reagents to a c i d i c streams. 

PRECIPITATION 

Coagulation with lime and/or p o l y e l e c t r o l y t e s has proven to 
be e f f e c t i v e i n removing e m u l s i f i e d o i l s thereby reducing 
BOD along with phenol and penta concentrations associated 
with the o i l s . E m u l s i f i e d o i l and grease i s aggregated by 
chemical a d d i t i o n through the process of coagulation and/or 
a c i d i f i c a t i o n . 

Middlebrooks and Pearson (1968) found that 79 percent of the 
BOD and 80 percent of the COD i n t h i s type of wastewater 
could be removed by chemical coagulation with the a d d i t i o n 
of approximately 2,000 mg/L of lime and alum. However, the 
volume of sludge produced was almost 4 0 percent. Dust, 
et . a l . (1972) found that 0.75 to 2.0 gm/L of lime appeared 
to be an optimum dosage f o r reduction of COD by an average 
of 96 percent and PCP by an average of 93 percent. The volume 
of sludge produced by adding 2.0 gm/L of lime with no poly-
e l e c t r o l y t e was equal to 30 percent of the t o t a l volume of 
the raw waste. However, when 5 mg/L p o l y e l e c t r o l y t e was 
added with the lime, the sludge compacted to a f i n a l volume 
of 5 percent. Although the treatment e f f i c i e n c i e s were 
high, the problem of sludge d i s p o s a l would suggest that 
another type of treatment f o r breaking the emulsion might be 
more f e a s i b l e . 

ORGANIC CHEMICAL OXIDATION 

Organic o x i d a t i o n i s oft e n accomplished by using wet a i r 
o x i d a t i o n (WAO). The WAO process i s a liquid-phase combus
t i o n implemented through the a d d i t i o n of high-pressure a i r 
and sometimes a c a t a l y s t at elevated temperatures. The reac
t i o n products are steam, nitrogen gas, carbon d i o x i d e , and 
an o x i d i z e d l i q u i d waste stream. S u p e r c r i t i c a l water (water 
above i t s c r i t i c a l temperature and pressure) may also be 
used as an o x i d i z i n g agent. 

Another form of organic o x i d a t i o n i s chemically-induced o x i 
d a t i o n , accomplished by adding an o x i d i z i n g agent to the 
waste stream. Commonly used chemical oxidants include 
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hydrogen peroxide and c h l o r i n e potassium permanganate. 
Chemical o x i d a t i o n i s e f f e c t i v e only i f the re a c t i o n pro
duces l e s s hazardous c o n s t i t u e n t s . 

Successful o x i d a t i o n of phenolics by c h l o r i n e was reported 
by the American Petroleum I n s t i t u t e (1969). Apparently, low 
dosages of c h l o r i n e produce chlorophenolics which produce 
taste and odor problems. When a large excess of c h l o r i n e i s 
supplied (5 grams/L per 100 mg/L phenol), the benzene r i n g 
i s broken and a harmless nonphenolic compound i s created. 

Dust, et. a l . (1972) achieved 70 to 96 percent removal of 
phenols from wood preserving wastewater by lime coagulation 
with 0.75 gm/L lime followed by c h l o r i n a t i o n of the super
natant with 2.0 gm/L c h l o r i n e . Research completed by 
Middlebrooks and Pearson (1968) i n d i c a t e d that 30 percent 
COD reduction and 90 to 95 percent phenol reduction i s 
achievable with a 1.7 gm/L c h l o r i n e a d d i t i o n . The theoret
i c a l r a t i o of c h l o r i n e to phenol f o r complete d e s t r u c t i o n i s 
6:1; however, other organic compounds present i n the waste
water n e c e s s i t a t e as much as 50 parts c h l o r i n e to one part 
of phenol. A l s o , the presence of ammonia was noted to 
r e t a r d the r e a c t i o n of c h l o r i n e and phenols. The r a t i o of' 
c h l o r i n e to ammonia to o x i d i z e the ammonia i s 10:1. 

Although the treatment e f f i c i e n c i e s by chemical o x i d a t i o n 
can be high, the extremely high doses of c h l o r i n e required, 
along with the r i s k of forming more t o x i c r e a c t i o n end 
products, suggest that other treatment a l t e r n a t i v e s would be 
more f e a s i b l e . 

As with cyanide o x i d a t i o n , UV/ozonation can also be used to 
achieve organic o x i d a t i o n . Ozonation i s an e f f e c t i v e t r e a t 
ment f o r c h l o r i n a t e d hydrocarbons, a l c o h o l s , c h l o r i n a t e d 7 
aromatics, and p e s t i c i d e s , as w e l l as cyanides. 

HYDROLYSIS 

Hydrolysis i s a chemical r e a c t i o n i n which water reacts with 
another substance to form two or more new substances. The 
re a c t i o n involves the i o n i z a t i o n of the water molecule as 
w e l l as the s p l i t t i n g of the hydrolyzed compound. The major 
co n s t i t u e n t s of penta and creosote would not undergo 
h y d r o l y s i s r e a c t i o n s n a t u r a l l y , and c a t a l y s i s would be 
required to increase the r e a c t i o n rate above what i s natu
r a l l y o c c u r r i n g . 

FLOW EQUALIZATION 

Flow e q u a l i z a t i o n involves the use of basins or tanks to 
c o n t r o l and lessen flow and concentration f l u c t u a t i o n . The 
technology i s used as a pretreatment operation f o r many b i o 
l o g i c a l , chemical, and p h y s i c a l treatment processes. Flow 
e q u a l i z a t i o n can be implemented as i n - l i n e e q u a l i z a t i o n , or 
as o f f - l i n e e q u a l i z a t i o n , i n which only the flow above a 
s p e c i f i e d amount i s d i v e r t e d to the e q u a l i z a t i o n and i s fed 
back i n t o the main stream at low flow. 
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COAGULATION/FLOCCULATION 

C o a g u l a t i o n / f l o c c u l a t i o n i n v o l v e s the a d d i t i o n of a coagulant 
such as lime, alum, or polymer to coagulate dispersed sus
pended p a r t i c l e s so they w i l l s e t t l e more r e a d i l y than i n d i v i 
dual p a r t i c l e s . I t i s promoted by gentle s t i r r i n g w ith 
slow-moving paddles. The technology may be used as part of 
a p r e c i p i t a t i o n process but would not be used by i t s e l f be
cause of the apparent absence of suspended s o l i d s i n the 
groundwater. 

SEDIMENTATION 

Sedimentation i s the g r a v i t y s e t t l i n g of s o l i d s p a r t i c l e s 
suspended i n a l i q u i d . " I t i s gene r a l l y used with p r e c i p i t a 
t i o n and f l o c c u l a t i o n . 

ACTIVATED CARBON 

Ac t i v a t e d carbon i s used i n the granular or powdered form to 
remove contaminants from aqueous wastes v i a carbon adsorp
t i o n . The technology i s p r i m a r i l y used to remove those or
ganic compounds that are not t r e a t a b l e by b i o l o g i c a l t r e a t 
ment. A c t i v a t e d carbon can al s o be used to protect the 
overloading of b i o l o g i c a l treatment systems. In studies 
conducted by Dust and Thompson (1972), 96 percent of the 
phenols and 80 percent of the COD were removed from creosote 
wastewater at a carbon dosage of 8 gm/L. S i m i l a r r e s u l t s 
were obtained i n t e s t s using pentachlorophenol wastewater. 
A c t i v a t e d carbon i s a l s o t o l e r a n t of flow and concentration 
v a r i a t i o n s . However, operating costs are high, due to car
bon usage r a t e s , and the loaded carbon requires d i s p o s a l or 
regeneration. Carbon adsorption i s , t h e r e f o r e , u s u a l l y 
s u i t a b l e only f o r small q u a n t i t i e s of water or f o r very 
s t r i n g e n t removal requirements. 

Other adsorbants are al s o a v a i l a b l e to remove soluble con
s t i t u e n t s . Researchers have found bentonite c l a y plus a 
polymeric adsorbant such as amberlite XAD-4 to be e f f e c t i v e 
i n removing c o n s t i t u e n t s from wastewater a c i d i f i e d to pH 4. 

MEMBRANE PROCESSES 

Membrane processes in v o l v e the use of semi-permeable mem
branes to remove contaminants from aqueous waste streams. 
R e l a t i v e l y clean product water i s produced, lea v i n g behind a 
more concentrated waste stream equal to 10 to 50 percent of 
the o r i g i n a l volume which requires f u r t h e r treatment or d i s 
p o s a l . Membrane processes are hi g h l y s u s c e p t i b l e to f o u l i n g 
and often require extensive pretreatment, even with wastes 
that are r e l a t i v e l y low i n contaminants. Membrane processes 
i n use today include reverse osmosis, e l e c t r o d i a l y s i s , and 
u l t r a f i l t r a t i o n . 
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Reverse Osmosis 

Reverse osmosis passes the waste stream through a 
semi-permeable membrane at high pressure. T y p i c a l membranes 
are impermeable to most inorganic and some organic com
pounds . 

E l e c t r o d i a l y s i s 

E l e c t r o d i a l y s i s i s accomplished by using an e l e c t r i c current 
to a i d i n the separation -of substances that i o n i z e i n s o l u 
t i o n . Semi-permeable membranes are placed between electrodes 
to i s o l a t e and separate c o n s t i t u e n t s as anions (-) or cations 
(+). E l e c t r o d i a l y s i s i s g e n e r a l l y e f f e c t i v e f o r most i n o r 
ganic species, but does not remove organics. Organics may 
i n f a c t degrade the e l e c t r o d i a l y s i s membranes. 

U l t r a f i l t r a t i o n 

U l t r a f i l t r a t i o n involves the use of microscopic f i l t e r s to 
remove wastes from aqueous streams. The technology i s gen
e r a l l y e f f e c t i v e at removing a l l suspended s o l i d s and some-
di s s o l v e d molecules with a molecular weight greater than 
1,000. 

LIQUID/LIQUID EXTRACTION 

The l i q u i d / l i q u i d e x t r a c t i o n technology involves the use of 
solvents to e x t r a c t contaminants from the aqueous phase. 
Solvents such as f u e l o i l and/or amyl al c o h o l s t i l l bottoms 
are v i g o r o u s l y mixed with the aqueous phase, removing 
c e r t a i n contaminants. The solvent phase i s then allowed to 
separate from the aqueous phase and i s treated or disposed 
of. The technology requires the use of flow e q u a l i z a t i o n 
and f r e e - o i l separation f o r consistent operation. 
Precautions are necessary to ensure the safe use of 
p o t e n t i a l l y hazardous solvents and the d i s p o s a l of the 
hazardous solvent phase e f f l u e n t . 

OIL-WATER SEPARATION 

McCormick & Baxter c u r r e n t l y operates a g r a v i t y o i l / w a t e r 
separation u n i t to recover penta and creosote from waste 
process water. Free o i l i s e f f e c t i v e l y removed, but an 
e m u l s i f i e d r e s i d u a l of 10 to 20 ppm w i l l remain. 

FILTRATION 

F i l t r a t i o n i s a p h y s i c a l method f o r separating s o l i d s from 
l i q u i d s , but i s not e f f e c t i v e f o r the removal of d i s s o l v e d 
s o l i d s . I t could be used as a pre-treatment and post-
treatment operation f o r many of the other treatment tech
nologies . 
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DISSOLVED AIR FLOTATION 

Dissolved a i r f l o t a t i o n removes i n s o l u b l e components such as 
s o l i d s and/or o i l and grease from an aqueous phase. Dis
solved a i r f l o t a t i o n (DAF) produces approximately the same 
e f f l u e n t as a g r a v i t y o i l / w a t e r separator, and i t s addi
t i o n a l cost would be warranted only with feedstreams with 
high o i l and grease concentrations. 

OFFSITE TREATMENT AT A COMMERCIAL FACILITY 

An a l t e r n a t i v e to co n s t r u c t i n g an on s i t e treatment plant 
would be to transport the contaminated groundwater to a com
mer c i a l treatment f a c i l i t y . There are no commercial t r e a t 
ment f a c i l i t i e s i n the l o c a l area. 

PRELIMINARY ASSESSMENT OF DISPOSAL OF WATER 

The amount of water treatment necessary f o r a p a r t i c u l a r 
groundwater d i s p o s a l technology i s considered during the 
t e c h n i c a l assessment. The pr e l i m i n a r y assessments of 
groundwater d i s p o s a l technologies are shown i n Table E-12. 

DISCHARGE TO A PUBLICLY-OWNED TREATMENT WORKS 

This technology would be implemented by discharging the 
water i n t o a publicly-owned treatment works (POTW). Only 
b i o l o g i c a l treatment i s able to convert the wood-treating 
chemicals to innocuous end-products and to e f f e c t safe u l t i 
mate d i s p o s a l . In f a c t , the advantages afforded by the 
ultimate biodegradation of p o t e n t i a l l y hazardous compounds 
has made EPA and the Congressional O f f i c e of Technology 
Assessment (OTA) encourage the use of b i o l o g i c a l treatment 
where p r a c t i c a l and have l a b e l l e d i t as an innovative tech
nology f o r hazardous wastes. 

Researchers have demonstrated 99+ percent removal e f f i 
c i e n c i e s under c o n t r o l l e d aerobic and als o anerobic con
d i t i o n s . The s t a b i l i t y of the b i o l o g i c a l process has been 
shown to be f u r t h e r enhanced by attenuation with other 
wastestreams. 

Onsite treatment would not b e n e f i t from at t e n u a t i o n , and 
therefore would be more s e n s i t i v e to high-strength shock 
loads. However, any on s i t e b i o l o g i c a l treatment system 
would need such a large land area that EPA chose not to 
require t h e i r i n s t a l l a t i o n o n s i t e i n t h e i r 1979 Development 
Document f o r Timber Products Processing. 

Discharge to a POTW has many advantages where i t i s v i a b l e . 
I t i s the standard p r a c t i c e f o r the treatment of biodegrad
able wastewaters and o f f e r s the advantages of s u b s t a n t i a l 
attenuative c a p a c i t y , l i t t l e s p a t i a l requirement. 
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T a b l e E - 1 2 
P R E L I M I N A R Y ASSESSMENT OF GROUNDWATER D I S P O S A L TECHNOLOGIES 

Eva lua t i on 

Technology 

Discharge to a 
P u b l i c l y Owned 
Treatment Works 

Discharge to 
Wil lamet te R i v e r 
under an NPDES 
permit 

Techn ica l 
(see comment a.) 

++ 

Environmental, P u b l i c 
Health and I n s t i t u t i o n a l 

(see comment b.) 
Cost 

(see comment c.) Comments 

a. Easy to implement. Makes use of 
at t e n t u a t i v e capacity to enhance 
removal e f f i c i e n c i e s . 

b. Requires p e r m i t t i n g to implement. 
c. Must pay user fees. 

a. Must meet discharge c r i t e r i a . 
Must pump water from s i t e to 
r i v e r . 

b. Requires p e r m i t t i n g to implement. 

Spray I r r i g a t i o n 

Shallow R e i n j e c t i o n 

Deep Well I n j e c t i o n 

Not f e a s i b l e due to wet climate 
and l i m i t e d land area. 

a. Requires d r i l l i n g of deep w e l l . Does 
not requ i r e pretreatment. 

b. Contaminants remain i n the environ
ment. The existence of a s u f f i c i e n t l y 
i s o l a t e d and unusable deep a q u i f e r has 
not been demonstrated. 
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s u b s t a n t i a l economies-of-scale, and r e l i a b i l i t y over an on-
s i t e treatment system. The degradation of phenol and penta 
has a l s o been shown to be more complete than normal domestic 
sewage. L a s t l y , the combination of aerobic degradation plus 
anaerobic sludge d i g e s t i o n found at many POTW's, would assure 
an extremely high d e s t r u c t i o n e f f i c i e n c y . Each process has 
been shown to be capable of 99-percent removal e f f i c i e n c i e s , 
and t h e i r s e r i e s a p p l i c a t i o n would f u r t h e r improve the s i n 
g ular removal e f f i c i e n c i e s . 

DISCHARGE TO WILLAMETTE RIVER 

This technology involves the discharge of pumped groundwater 
i n t o the Willamette River under an NPDES permit. The t r e a t 
ment requirements f o r the NPDES discharge permit are gen
e r a l l y more s t r i n g e n t than the requirements f o r a POTW. 

SPRAY IRRIGATION 

This technology involves the use of treated groundwater to 
i r r i g a t e f i e l d s i n the surrounding area. The wet climate i n 
the area makes t h i s technology i n f e a s i b l e . 

SHALLOW REINJECTION 

This technology involves the r e i n j e c t i o n of treated ground
water i n t o the shallow a q u i f e r . This would replace the 
pumped groundwater with a higher q u a l i t y water and would 
minimize drawdown of the water t a b l e . 

DEEP WELL INJECTION 

This technology involves the i n j e c t i o n of groundwater i n t o 
an unusable deep s a l i n e a q u i f e r . This technology would r e 
quire l i t t l e or no groundwater pretreatment. I t s f e a s i 
b i l i t y would depend on whether there i s a deep s a l i n e 
a q u i f e r s u i t a b l y i s o l a t e d from the r e s t of the environment 
and whether such d i s p o s a l could be permitted. The existence 
of a s u i t a b l e a q u i f e r has not been demonstrated and deep 
w e l l i n j e c t i o n i s coming under increased regulatory r e s t r i c 
t i o n s . 

PRELIMINARY ASSESSMENT OF DISPOSAL OF EXCAVATED SOIL 

Excavation and d i s p o s a l would remove and contain the s o i l i n 
o n s i t e or i n a l i c e n s e d o f f s i t e treatment, storage, and d i s 
posal (TSD) f a c i l i t y . This approach could be used on s e l e c t 
ed high-strength surface areas or f o r in-depth s o i l s . 

Because the average groundwater depth i n the alluvium i s 
approximately 20 f e e t , excavation at or below t h i s depth 
would require extensive groundwater c o n t r o l . L a t e r a l 
groundwater flow could be c o n t r o l l e d through the use of 
h y d r a u l i c b a r r i e r s used i n conjunction with pumping of 
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perimeter w e l l s . Pumping rates would be excessive due to 
the p o r o s i t y of the s o i l and the proximity of the Willamette 
River. Free l i q u i d s that d r a i n from the alluvium as excava
t i o n proceeds would have to be c o l l e c t e d f o r treatment and/ 
or discharge to a POTW. 

LANDFILL DISPOSAL AT AN OFFSITE FACILITY 

Once the s o i l i s excavated, i t could be disposed of i n a 
l a n d f i l l meeting RCRA requirements (40 CFR 264.300). Three 
p o t e n t i a l operating and RCRA-permitted s i t e s f o r o f f s i t e 
d i s p o s a l have been i d e n t i f i e d . These are the Chem Waste 
F a c i l i t y i n A r l i n g t o n , Oregon, the ESI f a c i l i t y i n Mountain 
Home, Idaho, and the U.S. P o l l u t i o n Control f a c i l i t y i n 
Grassy Mountain, Utah. 

CONSTRUCTION OF AN ONSITE LANDFILL DISPOSAL 

This technology involves the const r u c t i o n of an o n s i t e , se
cure waste l a n d f i l l . M a t e r i a l i s excavated and clean back
f i l l imported and placed so that the bottom l i n e r of the 
l a n d f i l l can be located above the seasonal high water t a b l e . 
A bottom l i n e r i s then i n s t a l l e d according to the l a t e s t 
a v a i l a b l e technologies. A leachate detection system i s i n 
s t a l l e d between the l i n e r s and a leachate c o l l e c t i o n system 
i n s t a l l e d above the top l i n e r . 

INCINERATION AT AN OFFSITE FACILITY 

This technology involves the d e s t r u c t i o n by i n c i n e r a t i o n of 
the soil-contaminant matrix at an approved o f f s i t e i n c i n e r a t o r , 
I n c i n e r a t i o n w i l l destroy most forms of s o i l contamination 
with the exception of heavy metals. I n c i n e r a t i o n may not 
render the soil-contaminant matrix t e c h n i c a l l y nonhazardous 
and that m a t e r i a l may s t i l l r equire hazardous waste d i s 
p osal. 

SUMMARY OF PRELIMINARY TECHNOLOGY ASSESSMENT 

A technology i s considered to have passed through the pre
l i m i n a r y assessment procedure i f i t d i d not receive a double 
negative (—) mark i n any one of the assessment categories. 
The p r e l i m i n a r y assessment procedure i s designed only to 
screen out those technologies that are not l i k e l y to work 
The screened technologies generated from t h i s section may be 
used i n example remedial a c t i o n a l t e r n a t i v e s . In developing 
the example remedial a c t i o n a l t e r n a t i v e s , no attempt w i l l be 
made to incorporate a l l p o s s i b l e technologies. Detailed 
design work may i n d i c a t e that technologies that passed pre
l i m i n a r y assessment but were not used i n an example a l t e r n a 
t i v e may have t e c h n i c a l , e n v i r o n m e n t a l / i n s t i t u t i o n a l , or 
cost b e n e f i t s greater than the b e n e f i t s of those technolo
gies used i n the example a l t e r n a t i v e s . Table E-(13) i s a 
l i s t of a l l technologies that have passed the preliminary 
assessment. 
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T a b l e E - 1 3 
P R E L I M I N A R Y ASSESSMENT OF S O I L D I S P O S A L TECHNOLOGIES 

Eva lua t i on 

Technology 

O f f s i t e 
L a n d f i l l 

T e c h n i c a l 
(see comment a.) 

Environmenta l , P u b l i c 
Heal th and I n s t i t u t i o n a l 

(see comment b . ) 
Cost 

(see comment c . Comments 

c. High c a p i t a l cost f o r l a n d f i l l 
c o n s t r u c t i o n . 

Onsite 
L a n d f i l l 

c. 

Construction of o n s i t e l a n d f i l l i s 
d i f f i c u l t . Requires extensive 
monitoring f o r many years. 
Costs l e s s than o f f s i t e l a n d f i l l 
d i s p o s a l f o r large volumes of 
m a t e r i a l . 

O f f s i t e a. Heavy metals are not destroyed. 
b. Destroys some types of contamination. 
c. Costs more than l a n d f i l l d i s p o s a l . 
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